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INTRODtrCTION. 



i HE great importance of Geography and To- 
pography^ Both in a civil and military point of 
view, induced the French government, a few 
years since, to publish, at its own expence, a work 
entitled Memorial Topograpkique et Militaire, 
ivhich.is now well known in England. The ma- 
terials ^ of that work were selected and arranged 
under the direction 6f the Dipdt Genirpl de la 
Guerre* by men most profoundly skilled in the 
subjects which it contains, and its publication has 
been highly beneficial to the French ; first, it has 
afforded them a desirable uniformity in the execu- 
tion of Topography, and therefore prevented the 



^ The Dip6t Qtniral de la Gmerre in France, is a govern- 
ment institution, established in 1688, in the reign of Lewis the 
Tourteenthy under the direction of which are maps, plans, 
reconnoissances, military memoirs, ^c. 
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adoption of rach arbitrary methods as would not 
' always lead to results equally satis&ctory. Se- 
condly, this single work, both the extent and price 
of which are moderate, compared with the variety 
of subjects which it comprehends, now offers to 
the Prencb a wluablf cqllectioii of precepts 
which were previously dispersed thrdugh several 
very voluminous and expensive publications. — 
Lastly, it relieves the young French Topographer 
from the anxiety to which he was before subject^ 
respecting the method he ought to adopt, as it is 
now sufficient for him to follow the yath which 
tnen of consummstte knowledge and experience 
have marked out for him in the MemoridL 

Th^ French Memorial Topographique et MUi^ 
taire forms the basis ^f th^ Treatise on Topo* 
g^«P%> which is upw offered, to English readers 
in tl^eir own language ; and, as. it is to be. regretted 
that thQ limits of tlmt work did not admit of less 
concisei^ess in the explanations relative ip practical 
SubjectSi thill kind of deficiency, in the French 
publication, has been fully supplied in the second 
volume of tfee English treatise; at least, as far as 
CQpoerns the detail of Qeodesic Operations. With 
regard to the application of Theory to Trigonome- 
trical Surveying, the reader can undoubtedly not 
have a better guide than GokmU Mudge's account 
of the Trigonometrical Survey of England and 
fVates, carried on under the direction or that 
Officer. 



INTRODUCTION. Tl| 

This treatise is divided into^ur parts^ iUurtrated 
by a variety of suital^e platep j; the Jwsl part con* 
tains dl tho Geodesic Opemtions explained in thfe 
Memorial Topogr6phiqtLe ^t Militaire^ with ap* 
,prc^i£Lte tables for the principal requisite r^ttc- 
tions ; jnost of the formulae in this part have been 
sdect^ frotn the works of Ddattibre^ Ijaplkce, 
Legendre^ and Puissanti and these formulas^ dB 
t^ell as thb jaumerical exantples by which they ate 
illustrated^ have bei^n Ireduted to EngUsh measures. 
The dame part iitc^d^ lik^swise^ a minute descrip* 
tion^ accon^nied with figures^ of the Repeating 
Circle and the method of using it ; as well as the 
^description ^nd use Of Borda's Reflecting Circle. 
. Part the Second consists of a translation of BioCM 
EfljGiay on finding the altitudes of places by means 
of die baromet^ $ inclfldipg a brief historical ac* 
icOunt of the barometrical formula^ and its complete 
demonstration by the. simple elements of algebra ; 
as j^ell as tables^ from which the difference of 
altitude of any two places may be obtained by the 
pimple subtraction of twO numbers; in this part^ 
the linear measures have been reduced from French 
metres to English yaf(2s^ and the heights of the 
thermometer from degrees of the centesimal scale 
to those of Fahrenkeit'Sy generally used in this 
country. These reductions have necessarily caused 
the principal titble to be recalculated from the re- 
duced formula^ and extended from forty-two columns 
to iieventy-four; Mrith some additional lines in 
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lengthy on account of the number of yard« exceed* 
ing that of metres in a given space ; in the . first 
half of the table^ where it was most essential^ the 
numbers have also been carried to one more place 
of decimals in this treatise than in the i^rench 
essay. 

Part the Third comprehends^ besides observa- 
tions relative to the triangles of the second order^ 
Ifae method of forming triangles on the ground^ 
and of resolving them by plane-trigonometry^ in a 
manner analogous to that which is used in trigono* 
metrical surveys. Important remarks and select 
problems follow this explanation^ which immedi- 
ately precedes a description of the implements used 
for surveyings and an illustration of the methods 
of making scales^ tracing a right line on the ground 
between two objects^ and measuring it with a 
chain or with rods ; minor surveys, performed toitk 
or without calculation^ are then considered^ as 
well as the methpds of transferring to paper^ in 
both cases^ the points of the ground which have 
been taken. A general description of the plane- 
table is next given^ and the use of this instrument 
explained in the various circumstances in which 
it may be employed. The surveying compass is 
also described^ and its use illustrated by practical 
examples. Lastly^ some easy methods of levelling^ 
and of taking a profile of a ground^ will be found 
in this part of the treatise. 

Part the Fourth contains the translation of an 



IirrRODUCTION. IX 

%|^ (nf,,]\^itaf^^I^coTinoitrin^^ writte|i hy,^ 

neers. with the notes and plates annexed to it. 
The exippUeiace of this essay^ which, the Depot tje- 
n^ml^jdj^. la.Ctii§rr.e^ has published in tljie Memorial 

knowledged, as to render it unnecessary to dweU 
on its merits in this place ; it shall only be observed^ 
that the Author's extensive military knowledge has 
enabled him to view military reconnoitring in its 
true light; wherefore^ instead of confining himself 
within the narrow b6nds of former authors^ he has 
embraced all the subj ects essentially connected with 
this very important braqcfa of military service. — 
He first points out the various kinds of information 
which war requires, and then investigates the 
means of procuring them. This leads him to the 
subject of military reconnoitring; and, after no- 
ticing the instructidns which officers engaged in 
that operation may receive, he specifies the mate- 
rials which will serve them in forming the outlines 
of their work. He next considers the instruments 
and processes by which a sufficient approximation 
will be obtained in military reconnoitring, with 
respect to the fundamental triangles, the particu- 
lar determination of a place, and the heights and ' 
distances of objects. Surveys in which distances 
ajre measured with rods, &c. or only by pacing, or 
such as are carried on by the eye alone, and 
without any actual measurement, are likewise the 
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subjects of his explanations^ together with* 
other operations that may be performed without 
instruments. 

Lastly^ he gives proper directions for drawing 
maps adapted to military reconnoitrings and for 
the formation of descriptive and military me- 
moirs. 
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PART THE FIRST. 



On Geodene Operatum$. ike Description, and Uu of the re- 
peating Circle^ the Description and Use of Borda's R^fUet- 
ing Circle, and the Theory of Spirit Levels. 

CjtEODESIA properly signifies measure of the ground'; 
the signification of this "word* however^ has. been ex« 
tended to those operations^ the object of which is to de« 
tcrmine'the positions and respectire distances of the 
different points on the surface of the globe. Thus tho 
operations which servie to determine the length of terres* 
trial degrees, and those by which the ontlines of geogra- 
phical maps are established, are geodesic operations* 

The process of these operations, the ' description and 
use of instruments employed in theni, and the formnlae 
used in the resulting calculations, are now to be explain- 
ed. Each formula will be accompanied by a numerical 
example, and the necessary tables for simplifying the 
different reductions wiU be subjoined. 

Mostof the fi>rmuIaB here used have been extracted 
from Delambre's work^ On the Determination of an 
Arc of the Meridian.. The Memoirs of the Academy of 
Sciences, for 1778 and 1787. the measure of degrees in 
Peru, by Bouguer and La Condamine ; the astronomical 
travels of P. Boscovich ) the operations in Fiance for 

YOL. I. B 
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ascertaining (lie difference of longitude between the ob- 
servatories of Gre€tii)l%ft hhd Piifls, by Cassini ; the 
Connaissance des Temps, year 6, ((hese last two works 
contain a description of the repeating circle,) Lalande's 
Astronomy ; Cagnoli's Trigonometry ; and the descrip- 
tion and Use o€ tht reflecting circle^ h^orda, .may also 
be consulted. 



Summary Explanations of the Operations hy which the general 
outlines of large Maps are established. 

The general outline is compo^cfd 6f triaiigleS of the 
first orcler, formed T^y (he longest lines ii^hich the locali- 
ties of the situation will permit, the (elescopefet, however, 
hingnifyin^ sufiitiMfly to be djreiit^d to the ofagecSt with 
pt^cteiM. AH ffeme tIriatogleB ought to ht dOnnected 
t^etfter, Md <o f<Apn^ «s much as possiMe, a kind of 
4^l>Atimi4^ ttStwWork in all directioin. The choke of 
t^Uu^lM is ihA (BdMlrHit ; it is known thai eqtoilatMil 
tf iMgles a^ tfi^^ itk which smttU errolB tommitted in 
tibservln^ IM ttl^tes bkve the lea^t influmea on iht 
length df fte Md^ s birt it wo«Id be very diflfoidt ib fiMte 
ii series tif IHlltiglM by a<teiilting those only that are 
imiHy eq\iilat^r«l $ l&A the iavefiiion of the rapeatiag 
titdfd, l¥ifh Whteh fti^lea may be ofaaefvad witbth oaa 
Is^cMfl tif 1hl» t¥ttth) git^ a greater latiiade fti iha 
2:ttbk^ df tH«b^. In general) iiowlhrfir^ aU miglet 
below 30*" and above ^90% <Mgiil to be wvoided. 

^ntt ¥e]^iif^ -cnrdte ds tiHe only i^strtimeiit which 
nhoflld bb «ttr|»te)^ea At pfesoatfor tneasttKflg «h^Afeglea<yr 
ttiiUkglVS ^^^ «Vit'«tdlA','^ (f it be tiijrty^five ^^eiitt- 

<^ n 1 mriti i * i ttti i^ tr'ttM i i ii . i . t Ml I ti ll wyun ■■ i, ,, i 

. * TheaaHMralP^^ra-Urhateoftrlooked the excelleat Theodolilr 
with which- the conductors of the Trigonometiical survey in this 
country hare taken their angles with ^o fixiich'iecllraty. 
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metres, er aeac|y 14 Englbli iRclies, ifi diiunelec, it wBl 
ba suffioie»t fof gcadesic opef alioas ; if greater^ il would 
be troablesome to con^ej from place to pfaiee, and eouki 
not be iilaced in many sitaalionfi, where it is necessary 
to 1190 it; if less, it wfito^ not afford suAoienl accaraey^' 
and tbe tel«6oopes ^woalcl not have suffioient power. 

This instfuraent, which is brought into the plane of th^ 
objects with .great facility, serves also to take tbe ap- 
parent zenith distances ; that is to say, Ibr determining 
the elements of tbe reduction of an angle 4o Ibe horizon, 
^uui fMr findfing the diffdrenoe of levet of t%e stations. 

If the formation of the country in whieh the operation^ 
are oanried on does not present objects eonveniently 
situated for forming a suitable chain of triangles, Urii 
taeonretiieoce is 4o be Temedied by signals erected at 
elevated places. These signals are generally preferabte 
io steeples or towers, which are frequMitty used for 
directing the sjght$4>f the instrument, because that form 
may 4^6 gi^on .to them wbicph leaves the least uncertainty 
telative to ike points to which the sights were diceetedfV 
ExpeHenoe has shewn that the vertices af <}iaadraagulaf 
pyramids, and baUs of about a foot and a half diameter, 
are objects which leave the least uncertainty on Ibis 
faead.^ - ■ 

We can seldom .place ourselves exactly at the ma*- 
thematicat point <Ao9^n for the vertex of tbe angle ^which 
is to be observed, and when we cannot^ this angle wants 
a oorrection, known by th$ naide of reduethn ie the 
eemh^. The elements ought ijfi be determined with' 
gvent fHreoisfion i for ft may 'happen thsft an erior of ' one 
Of'tfro seconds may %e committed in the redudtion. 

7he place where the observation is made ts com* 
wmmAj ne^ ikte ipolnt de mire^ or that to which the 
sijfhts 'Of <lbe iHstrumeot weretdirected; H is therefore 
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netessary to measure the distance of the place of obser* 
▼ation from this point, in order to reduce the observed 
xenith distances to the summit of the object. 

^Frequently, i¥hen the sun shines on the object^ yre 
can only see a phase ; and the apparent middle, that of 
the illuminated part, does not correspond with the axis 
of 'the object; then the observed angle wants a correc- 
tion, which depends on the form of the object and the 
position of the sun* 

We shall here recapitulate^ in their natural order, the 
^rrections which an angle observed with the repeating 
circle may require. 

Correction fot the eccentricity of the inferior teles* 
tope. . 

. Correction for the piiase of the signal when neces« 
sary • . 

Reduction to the centre. 

deduction to the horizontal plane by the knowledge of 
. the apparent zenith distances of the two objects to wbicli 
the sights have been directed : these distances haying 
been previously reduced to the summit of the station, 
there remainaonly to correct the anglds, for the sphe* 
rical i^cesis depending upon the surface of the triangles 
to which they appertain. 

, The measure of angles gives only the ratio of the 
lengjih, or the rel^aiive length, of the sides of the triangles. 
In order to have their absolute lengths, or these ex- 
pressed in known measures, it is necessary to measure 
one of them ; and this is what is called the measure 
of a base. This operation requires the most scrupu* 
ipus attention; for its accuracy ought now to equal 
that of the instrument enrployed in measuring the angles. 

The actual distances between all the points chosen for 
tbe vertices of the triangles m^^y therefore be known ; 
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but terrestrial operations alone cannot give more. It 
is necessary to have recourse to astronomical obserra- 
tions to -obtain the latitudes of the vertices of these 
triangles and the diirections of their sides. 

The latitude of one of the stations, situated nearly 
in the centre of the region, being observed, and also the 
azimuth, or inclination of one of the sides of the series 
frointhe meridian of the place, the azimuths of all the 
sides of the triangles may be calculated with these datof 
as well as the latitude of their vertices and their diffe* 
lence of longitude* 

We may also calculate, by means of the latitude and 
azimuth, the distances of the vertices of the triangles 
from the meridian, and from a line perpendicular* to Jt 
at the assumed origin of operation. 

From these distances we may proceed to the latitudes 
and longitudes; or from these latter conclude the for* 
jier ; but it is at leiast as simple to determine the lati-- 
tudes and longitudes independent of the distances from 
the meridian and its perpendicular. 

As it is possible that errors may be committed either 
in measuring the angles, or in calculating successively 
the azimuths, latitudes, and longitudes, latitudes and 
azimuths of verification ought to be taken at other places, 
especially at the extremities of the chain, and which 
ought to agree, or very nearly, with those previously 
obtained by calculation. They should agree exactly, 
if the figure of the earth and its inequalities were we)l 
' known. It is with the same view that several bases of 
verification, connected by the sides of the triangles, ane 
measured. If.>ll these mieasures agree with each other 
it is a proof of their accuracy. ' 

. The same operations talso serve for determining the 
lengths of arcs fit the meridiftn, and consequently fur* 
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iikh Mluable date relative to the figure ftad tf meosimis 
of the earth. 

The sides af Iriangles of the first order serre as bases 
to those of the second ; for ^hich a better ihstrnmeiit 
cannot be employed than (he repeating cirele ; hut il is 
, not necessary (hat it should be so hirge as those used for 
the principal triangles ; a diameter ot about eight or ten 
iiirh^s Will be sufficient, and the instrument witi be very 
poKable. 

For triangles of the second order 4t wiU not be ne» 
cessary to obserire the angles urith the aceuraey of one 
or Iwo seconds, as in the principal ^iangles ; a precision 
•f d ' or 6^' will be suiicien(, as the objecis are much less 
dUstmit iVom each other. The corrections to be applied 
to these angles will also be less numerouS| as it will be 
iViiicieBt to de^rmine the correction for the eccentricity 
of the inferior telescope, and for the reduction to the 
^ eentre of the station. The reduction to the horizontal 
yiaae nay generaflly be dispensed with, at least when 
the zenith distMces are not very eonsMerable ; fer 
thcat redttctioiM do Bot generally exceed a firactioot of 
a second. 

With ihese reduced angles, the sides of the triangles 
are to be calculated, after having divided the error 
oqualVy among the three angles of emd\x triangle, sathat 
the >sum i^ay be equal to 180 \ The distances of the 
Teftiees of the secondnry. triangles fVom the meridian and 
iU perpend icttlar, may then ^beoateulated, ifneoessaiy; 
or their latitudes and longitudes Immediately deter-^ 
mined. Then, by 'means e( the distances, or of these 
latitudes and longitudes, the vertices of all the 'triangles 
may be laid down on paper, and Ac minutes .of the 
figure taken on the gn^und with 4he phme-ttfble^ trans- 
ferred ta the same plan, if the latitudes and longitudes 
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aie to be «tied for tkis ptttyoUe, ihfe firsi «t^ it \m trac^ 
ifae mcHTidiaiK and pariilMs of bilitade oft tW ma^ ; but 
skotld R b9 ifileiNled to use the distoice* from tlio 
mci^klnia ami its perpendiciilari diis atertdiaa and paf« 
pendidttltr trilb ik«k pfwaUeli niiisl be dmim* 



DeHftipHm and l^te fffihe Reptttihtg Circk. 

» 

The descriptioa aod use of the repeating citcle ouh- 
toined in the Memorial Tapographique et Miliiairtf 
not appearing so perspicuoas as could be wifthed^ oa 
account of Us brevity and tbe want of a figure, it baa 
been thought proper to extract the following from the 
second edition of Blot's Astroiwmie Physique. The 
tepeaUng circle may be ^ubttil^ited alone for the mural 
quadrant aiid transit instrument, which it replaces with 
indefinite accuracy; it requires very small corrections^ 
and may be conveniently transported from place to placvi 
on account of i(s moderate size ; finally, its great uti* 
lity is not limited to astronon^ only, but extends to 
geodesic operations, topography, and to an iofini^y of 
physical researches of all kinds, into which it carries an 
unhoped-for .precbion« 

The essential part of this iastrument consists in a cir* 
Cttlar and vertical limb ZAP Jig. 2. which may be 
turned about the vertical line C P drawn through its 
centre, and ako about a horizontal axis, paasing throuj^ 
the same eeatre. A telescope, O C Jj^ furnished with 
a micrometer and a vernier, turns about the centre C and 
may be successively passed overall points of the limb. 
The whole instrument is represented hy Jig. 1« And 
ia order to comj^eheiid its use,^let us return to fig. 2. 
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Let S be a distant and fixed otgect, the zisnith distance 
of which is to be measured ; or let us suppose S to be 
a star. For though the heavenly bodies change their 
places every instant op account of the dhirnal motion, 
the effects of this change, during the interval of the ob- 
servations, may be calculated and taken into the ac- 
count; which brings the question to the same state as 
if we had only to observe fixed point^. This being pre- 
mised, the operation is as follows :— First, the vernier 
of the telescope must be fixed at the point zero of the 
division ; tbfc limb is then to be brought into the vertical 
plane of the heavenly body, by means of the azimuthal 
motion,^ and turned vertically about its centre j until the 
point S answers to the centre of the wires ; this is re- 
presented by /g« 2. Now conceive a plumb line CP 
to pass through the centre of the limb; its direction pro- 
duced will determine the zenith Z ; and the arc A Z read 
upon th6 limb, will be ibe zenith distance . But the use 
of this line and the reading of the arc may be avoided 
in the following manner :-<- 

Things being disposed as above described, an azimu- 
thal motion is to be given to the limb about the verti- 
cal line which passes through its centre, until it has made 
half a revolution, and is thus brought again into the 
vertical plane of the heavenly body, see fig. 3. In 
this movement, the point Z of the limb has not changed, 
only, if the limb' at first faced the east, it nowfi^es the 
west, and, as the telescope is fixed to the limb, it follows 
that its actual direction LAC msches still the same angle 
with the vertical line; this telescope being loosened and 
directed to the heavenly body *y making it revolve on 
the limb, its'n^w direction C A' S will answer to another 
point upon the limb, as A' ; an^ since the heavenly body 
is supposed sUtionary, the arc A' Z wiU b*exacfl^ equal 
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t» Ura are A Z or tke zenith distaifce; Tb« total ' ^^ 
:(IA% wbieh tlie tefeacope has paas^d over, i» (h^aJefifHrf 
the double of that distauioo. TbuA, by reading thii^i^ 
^ick a indicated, by the vernier upon the dWisiOQ of 
(he limb, aiid tahiBg its half, we shall have the towHk 
«Ustaaee Trithoat it being at all necisssaij to* kaoir'Che 
^idt ^ and' consequeatly, witboat UaYia^ any oaeasloa 
Sir the plumb line* 

This supposes, indeed, that ^he limb, in passing frMt 
the first observation to the second, has tdnuid isirecisciy 
libottt the vertical line, se that each of its' points wt^ 
ttains exactly at the same height above the hdrimtel 
plase^ In order to ascertain this, a i^ery sensible spirit 
level is fixed to the back ofthe limb, and parallel lo its 
plane, which mast be rendered horizontal hi the first: po* 
eitiidii of the* oircle, in which the limb is supposed to 
Aeetheeast,^ then if th^ point Z ef the limbisa'Uttlp 
displaced by the motion when the limb is brought to firoe 
the West, it will be seen by the level which is dtsfdaoed 
with it,- as the bubble will not corifespond any lohgerto 
the same pointe of the div&ien of the tube. Iti this 
case the limb is to be brought to such a pasilion ^s. .wi^l 
bring the babble within its former limits $ tbns^ without 
' knowing the point Z, we are assured <hat it has rptotncd 
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* For tjiis purpose there is a divisibn drawn by the ^rUft^ ^p9V^ ' 
tl^^Ml^ ^ Xlm Jeuel, q? jtmHf} %<^ it» length. The pero of thif di-r 
vision is placed at the middle of the tube. For rectifying the level,^ 
Its inclination is made to vary until the extremities of tlie bubble 
an^vet to dtviaioas sqiisUy distsat iipeto the fywut fi^fQ- . Rigor- 
easljfv iatihssrvatioaswith the eirclQ» it 14 aufiiciinl I9 p\im§ t^e 
hi&bkL between the ai^me.pkysioal poiata of the tuh^ in eac^ p^ir 
efobterfatlDaa; andltisnetatslLnseesssry |lia| iM«iidjlls should 
correspond to the zero of the division^ 
VOI,. I, c 
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to th« same vertical plaoe. There are, in all circles, 
lepelling screws by which the limb is made to move by 
insensible degrees, and the level tectified. 

After a donble zenith distance is thus found, a qua- 
druple distance may be obtained in the following manner : 
without touching the telescope, the instrument is to be 
returned, and the limb brought to face the east, as it did 
at first. The telescope then takes the direction of C A' L, 
Jig. 4. If it were brought back towards the heavenly 
^ody, the limb remaining fixed, it would arrive at the 
point A, from which it was first moved, and the arc 
which it had passed over would be destroyed. Instead 
of this, it is left fixed in A', but the limb must be turned 
vertically about its centre, until the heavenly body re-ap- 
pears in the telescope at the centre of the wires. Then 
the point A' is directed towards this body, and the point 
of departure descends to A,^g. 5* This being done, 
we find ourselves exactly in the same^circurastances as at 
the commencement of the first operation, Jig. 3 ; except 
that the point of departure is A', that is to say, the end 
of the first are passed over*. By setting oflF from this 
|>oint, and operating the same as before, we may make 
a new double observation, which^wiU bring the telescope 
to A''; and as the arc A' A'^ will be equal to A A', the 
total arc A A' A" will be the quadruple of the zenith 
distance ; by dividing it by four we shall have the^ingle 
distance. 

Having the quadruple distance, the sextuple may be 



• Bjr thus moving the limb itt the third observation, the level which 
is attached to it and follows ito motion ceases to be horiaontal; but 
the observer, after loosening it, renders it again horizontal, and fixes 
It m that position by its repellmg screws; the same must be dens 
after each eyen obscnratiom 
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obtained by the ^ame process : the limb must be turned 
to the east, into its first position, and the point A" brought 
toi¥ards the heavenly body, without moving: the telescope. 
Then the new point of departure will be A" ; a new dou* 
ble observation will bring the telescope to A'", and the 
arc A A' k'* A'" will be the sextuple arc. By ^dividing 
it by six we shall obtain the single arc. 

By continuing thus indefinitely, we shall obtain any 
multiple of the zenith distance that we wish ; and, if we 
divide the total arc by the number of observations, ive 
shall have the simple zenith distance. In this manner, 
the telescope may pass over several entire circumferences, 
the number of which it will be proper to estimate. But in 
order to avoid the trouble of reckoning them one by one, 
it is sufficient to read the double arc on6e, so as to know 
the simple distance ; and when the observations are ended, 
it is easily seen what number of entire circumferences 
inust be added, so that the, total arc, divid<^ by the 
number of observations, may again give^the simple dis« 
tance, determined approximately by the first reading. 

Let us now examine in what the advanti^e of thif 
multiplication consists. There would not be, any, if the 
divisions marked upon the circle were mathematically 
exact, and if the pointing of the observer was always 
perfectly true ; for then a single observation would give 
the zenith distance accumtely. But as these conditions 
are impossible to be fulfilled in practice, the repetition 
of the angles supplies them by compens^tioqs. 

First, as to the error of the divisions, we see that the 
arcs measured follow each other without interruption 
upon the limb, so that the point of the limb, which is 
the end of one observation, becomes the beginning of the 
next. Thus the sum of the observations, that is to say, 
Hie total arc passed over, will not contain any interme- 



rfead?ffg*. N^lteife«¥toi'A anr^^kft&iAed, as tke to- 
dtbtt 6f the til^6^i¥y fewr t€tt»l«rs, vrhkk arefead. 
^fe^tatel^/ah(l'4&fe ^M«feft itf 'l^ftfek Mioatcs *he ooit* 
ittetderttent atid^etffl'df tii« twfal !«rc witk a ^ffmt proba*. 
K Wfy t/f ptecisicfii. t%f^ly^ tb« ^all «rtOfr, wbich Iraqr 
still remain in th^ ^eslteihe *dfedlfigs, wafcwithstandinif. 
Atse precaution^ /%*teYids4()4ifetd(aiI arc, wiwcfc, aslhe 
' render has seefh, ts'W %6 di^d^d by *he Minbcr of bb* 
setvaUons; w!rt¥efere tW ifrr^lT) which is«lttewiiatedbgr 
1*18 division, sthrc^ -t^&is the «ii»t*fe arc passed ttwir 
in a single obskt^tibn ; at ks^t, if we suppose a suffix- 
dtelit hurabcft 6f ObB^Va^ns . The «rrors of '(he diyfc 
sibns tire flre¥*Sbre «ecteascd in «the tepeatiBg circle Iby 
Ae fe(>etfK(«i iesfeW, attd <^ <5om{)eM»iitM»n whicTi 4A«i 
j^acfe bfetwefeh^Aem is to^ to^ily probable, butcertain^ 
•' I^ 'wd^ *6 tndersftarid bow tfe t thfa eoiapensotion may 
be caWi€*, it is n^csessary to Mow that in bur ^irdsa^ 
wliich ^1^ Abbtft siJ^efeii Mifchesift5dfattiet(Wi *hfe »erw» rof 
the diVirfdhai^to *6t cbrtaififly attiwat to fiBeerisexagesif 
fhal^ontfs^. It Will th^fefere ^e induced to half a se- 
cond ^at toost, 'aJftft thl¥ty 'obi$^vation8 ; what dock it :T>e- 
ttme ihea'tufi^^ eighty Oi: one 4suod«ed i What idoes it 
bfe'ctJme % as »rtiliy he d^he, mid as freqtlently has been 
cI6tl&, Vhe'i^eries of 6b«(;r^{oii9 for sei^r^ral- days 'tis ocinti* 
Ht^A iip6n life Ihnb, witho«rt laterpuptioii^ so'tiiat tbe 
tWb^^ilrolis of ihe €f:t'tireme i<eadifigs Onfy »re divided upon 
a total arc which <contHlii^ several thoiriilMid times the Isini* 
Ifte aire-'? 

^t%e'^ftfdf of fhe diviisldirs ib^herefot^Hs nothing in ob» 
teiVaHfions-l^&iffe With the circle; ^U is impossibfe tk»t it 
MoiAd beido^igofoady de#troy;eil in the img^ isstru* 
vMi% If Ihey tt)[^ noft repeaters. Thie delBtoiidJr of itbt 
VMiit cttn iie^elr e^^ a inathetnaiti<ral fW9m^ ' rt 
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Silt tbete dn bOM ^nrots, 4rfaic^» ih tbe Qse of tt« 
tSHK^fe, kre' iJestroyeft on the principle of ptobMiiHea^ 
arid^tiieb remaih ia other instruments. Sitdh «fe ilie 
eirfiiirik of the levdl, ^hich, aKeidy very small ia fflie 
ir^t circles th^t ^nrere cossiTuoted, are still less in our 
abtttal circles^ in vvMdtk the level gives immediately flie 
ftactioiis of a secciad^ Such .aiKs also Che entovs >Qf Ae 
pointings ivhich not only prove rery small, when -Hkt 
observations are carefolly madC) fenit are destroyed, like 
those of the level, by their £artnitoas txtfapeasatioss ia 
sereral thousand obsenmtions. Besides, laq^ instrsk 
m^^DSts^ such as the mural qoadranl fcr iastaace, .are 
equally subject to these drrors; for tlie use of this in* 
stimment does not remove Ae piosBifaiiity of an error in 
dJRreeting the sights and tlie^ pbimb £ne points oalt the 
error of flie levd. ' But Jieffe, the small Aumber of obsei* 
vattoos does not permit us to hope for a ^compensatien aO 
eapact as iviih the circle J If me sup{K)se the asocaracy of 
tbeoneaa sresnHs to hav^a ratio compomided of Ihe num* 
her of 'Observations^ land of th^ length of the radius of 
the iastrument^ a.lta&died obaervattens, made with a eir^ 
€ilie of eight incbes iradius, would :be equivalent to a single 
cfteerviUoa made wilh a muralf^adraat of sixty^^siit feet 
ifiuiiius* . Whese can .sfanlktr instruments be louiid, aaiA 
espieciaify how can itbey be used &r ofaservationiB which 
revise travelling ? 

Afier having eKpUened, in general, the mechanssdi 4f 
die repetition 'and its advantages, it is^necessary Ao ealer 
inla some details upon itbe particular vertfi^tions whicfli 
the 9eflu&ig;^ciriole requires iiefbne b^ing naed foor obsen- 
^sms; . - /' ^ 

f^nlt, the iimb onghtito be exactly vertical, and toitt> 
aai&tift Ahatspesttitm doiring the observation ; had |it .ds«* 
viated from it^ the observer ;must rectify it. For thi^ 
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pariKMe^ a small i^trit level is placed behind the limb, 
perpendicularly to its plane, which is attached to the 
iuMriaontal axis about which the circle turns, see fig. 6» 
Thus the limb is vertical when the level is horizontal* 
N0W9 there is in repeating circles a repelling screw, by 
which the limb may be moved and rendered vertical, 
when the level shows that it has departed from that post- 
tion. 

With respect to this level, it is horizontal when the 

extremities of the air bubble which it contains terminate 

at two fixed lines drawn by the artist for that purpose. 

' But it is useful to know how, in case of need, we may 

supply this requisite.^ 

In fact, even supposing that the artist has perfectly 
regulated this level, it may happen to be deranged in its 
mounting, and' will thus cease to be perpendicular to the 
limb ; for which reason the observer must verify it, before 
he commences the observations : to do this, he fixes upon 
the limb two pincers P and Q, On which two extremely 
fine points are drawn, and placed at equal distances from the^ 
l^ne of the limb, to which the pincers are applied. Artists 
iMve very simple and accurate means of fulfilling this 
condition. At one of these points, the most elevated, 
the observer suspends a plumb line, and moves the limb 
until this line strike exactly against Uie other p6int.' Then 
the limb is vertical, since, by the construction, the ver* 
tical line, drawn^through the two points P and Q, is pa- 
fillel to its plane. This being done, the observer uses 
the repelling screws of the small level in order to make it 
perfectly horizontal, and its variations will indicate after* 
wards whether the limb has departed from its vertical po» 
sition. Nay, the sensibility of the level renders the use 
of it preferable for this purpose to that of the plumb line 
and particularly as it is much more convenient*^ 
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• 

If it be viihed ako to yerify tbe pincers themaelvesi 
nothing will be more easy. The small level being recti* 
fied, that is to say^ rendered horizontal, torn the limb 
vertically, 90 that the pincer which was at the top comes 
U^ the bottom^ and that the other which was at the bottom 
conies to the top. Then, suspend the pluiiib line afresh ; 
and if it strike exactly as before upon the points P and Q^ 
the limb is vertical, and the pincers are well regulated. 
In the contrary case, the deviation of the plumb line will 
be double of the error of parallellism. For let, for exam- 
pie, L Ly^g. 8. be the direction of the limb in its first 
position, the vertical line P Q making with it jbl cettrnm 
angle by the error of the pincers ^ In the turning of the 
limb, each of the points P and Q describes the circum« 
ference of a circle about the axis of rotation A C C^ 
which is perpendicular to the limb. The line P Q there- 
fore describes^ about this axis, a conical surfece, of which 
the angle at the centre is P C P', or Q' C Q, P' and Q' 
denoting the new positions of the points P and Q after tho 
limb has been turned ; if from the point C, C L' be 
drawn parallel to the limb, this line, which remains fixed 
during the rotation, will divide the angle Q'CP into 
two halves, each of which will be equal to the angle 
L' C P, formed by the line P Q and the limb* Now^ 
when we suq>end afresh the plumb line at Q', the qiian« 
tity Q" Q' P', by which it deviates from the line P' Q% 
will be equal to the angle at the centre Q'C'P: this 
deviation will consequently be double the error of paral« 
lelism. 

If an error of this kind should be perceived, it must 
be corrected ; for this purpose, there should be, upon 
the pincers, repelling screws, by which the points P and 
Q may be moved as required. These points may th^Fo- 
fore be moyed so as to desbroy half the observed devia- 
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tMRy and with the innc«r>> thus legvlated^' Ae^liiiSl is 
festored io^ its rerfical position » Bat a» it is very difficolt 
to make this bisection ei^tly the firattime^ tvheH we bai^ 
•seertaiBed the rertical position of the limb vc^ry .aei^ri^p^ 
bjr means of the rectified pjnoers, we avail ourselves of 
this approximative veiticality ibr rectiiyiag afr^^ the 
pincers, and by proceeding thus for a series o£ succeffi 
sive trials and correctifmS| the ; regulation will soonb^ 
completely efifected « The small leyel perpendicular to 
the Hmb will then indicate if the verticality be preserved* 
We may eveO) by repeating these trials on different 
points of the limb, ascertain that theaatisof rotation is ex« 
actly perpendicular to it ; for if it were not, the positions 
of the plumb line would not agree<on all the different 
radii of the circle.^ 

In order to appreciate the error arising from a small defect in the 
Yerticsilit}r, let the plane of the limb be produced to the celestid 
sphere^ and the intersection will be a great circle, as H Z' H, fig, 7. 
The most elevated point of thi« circle Z', w&U be the false senid), 
indicated By the instrument, and the line Z' O, drawn from the cea- 
tre of the limb to this point, will be the apparent vertical, about 
which the zenit'h distances are measured on the limb. Now let O Z 
ht the Irae vertical, in: wlueh case the angle Z' O Z ' wiH: bo tiie .in- 
cUoation of ^he plane of Ih^ limb to it; and c^l this an(;k L This 
being premised, if fropi tho point O, the visual ray S be drawn 
to any star, the true zenith distance will be the angle Z O S, which 
deaelv by 2. * But* the false distanee, measured trpon the K'nib, will 
^e^*Q S, which call Z\ The three sides Z 7I;.% 3> Z'S, <will Ibrin 
^ fphprical triangle, right angled at Z', and in ^bich we $haU haver- 
cos. Z = cos. Z' cos. I; 
from this Z tn^y be found, %* being known. But the caTculktion toust 
be made with minute accuracy, on account of the factor, cos. I& w&ii^ 
idiflbrs ver^ li^le fiom unity; sLace th^ it^liuatipQ I. whkh «aai re- 
main afler Uie preceding verifications, is necessarily very small. 
Hence ft is more simple to find the d:fierence of the angles Z aiid 
Z' approximatery. ' In order ta acc^mpHsb diis, for the cos. I, let its 
-^Mm 1 ^ t^aift^^ jl. 'be aubitituted, and me shall have 

coi.>$'T*<o0s.Zcs;2coaZ'«siQ.*irL . ^ 
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Rigorously, we might be satisfied witti these precau* 
ttons relative to the yerticalityy for, if we should find it 
deranged in an obsenratiop, the repeUing screws of the 
instrament would be sufBcient to re-establish it. accord- 
ing to the indication of the perpendicalar leyel. But 
as this operation takes a little time, it is proper that it 
should be required as seldom as possible. Now, we 
should be forced to make it at each observation after 
turning the circle, if the colomn which supports the 
latter were not exactly verticaU For, let L M Jig. 9 
repreisent the limb, supposed vertical. In the first posi« 
tion of the instrumjent when it faced to the east, and 
A B the column inclined t6 the horizon : as the column 



Now, COS. Z' — COS. 2 = 2. sin. * (2 4* Z'>. sio. 4 (Z — Z'). Substi- 
tuting this value in the preceding equation, we sbaU find 

that is the sine of the required difference, which will always ^be posi- 
tive wl^eii Z' is less than a right angle. Consequently, withiu this 
limit, the true distance always exceeds the observed distance ; this 
ought to take place, since Z is the hypothenuse of the triangle. As 
the inclination 1 can never surpass.a few minutes, the &ctor sin.* } 1/ 
which is contained in the numerator, will always be a very small 
number^ and the denominator sin. i (Z 4- Z^ will be comparatively 
vtty great, even for a zenith distance of i*: So that, below this 
term the difference of the arcs Z and Z' will be extremely small, and 
then we may suppose Z s= Z' in the second member, without appre- 
hending ^ny error; or, in other words, we may neglect the square of 
Z— -Z'. We shall therefore find definitively, 

sin'i(Z-Z'0 = 2lllllU,, 
^ tangt. Z' 

In order to investigate the accuracy of this formula, the results that 

it gives must be compared with those 'obtained from the rigorous 

formula, cos. Z s cos. Z', cos. I. Let it be supposed that I :=: i(K, 

and Z* ats 1% sexagesimal, it will be found that the two formulae 

agree very nearly. The approximation diminishes nearer to the 

zenith: and at last it ceases to be sufiiciently accurate; for example, 

j^ben Z' is nothing, it gives Z*— Z equal- tor infinity, instesid «f 

TOL. |. B 
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ia fitted while the limb is passiilg from tbe^ cart to the 
vresfy thia last will tal^e the direction L' M', whicii has 
the sameincIinatioD as befi)re with regard to the oolikmn^ 
bat which is no longer vertical ; wfaereifore it would be 
requisite to rectify the limb at each observation,' after 
it has pluifed from one side to the oiher. 

These inconveniences are avoided by r^ideriiig the 
eoluma verticail, and it is l»-ougbt to this situation by 
means of three screws adapted to the horizontal circle 
upon which the column is raised^ and >whieh serves for 
ibe base of the whole instrument* 

These three screws dienoted by V, V, V" in the 
fig. 10, are plaped at equal intervals, so that the radii 



which tbe accurate formula then gives cos. Z =s cos. I^ or Z 5= I, that 
is, all the error of verticality is transferred to the zeaitli distaacey^ 
which in fact ought to be expected. 

When the results have been ohtained for any one ioclinati^Dy as in 
the present example where I sz lO', and it is required to deduce from 
them 4he results relative to any other inclination l\ it will he suf* 

icient to multiply the first results by the ratio r-^ for it is evident that 

the values of sin. j (Z--ZO are to each other as the squares of the 
sines of inclination when the zenith distances are equal; and as the 
a,ngles Z -^ Z'are very small, the arcs have al^o the same ratio» 
^ Prom this we shall conclude, first, that the defect of verticality 
laust be attenuated as much as possible; secondly, that the observa*^ 
tiox^ should nc^ be made very near the zenith, where the influence <^ 
t^iis defect upon^the distances is most sensible, on account of the de« 
nominator tang. Z'. This last iBconveaieuoe never exists with re^ 
speet to the polar star, by meavs of which latitudes are generally de» 
termined. Its distance from the zenith is out of the limits yrhere the 
errors of vertics^litj are considerable, at least, in all the habitabla 
eountries where ^hie observation may take place. Finally, should the 
observations be made etvea a^ a fenw d^egrees distant from th^ zenith.^ 
it will be prctper tq ascertain th^ ipcliaatipn of the plane of the limb|, 
as ep^a^tly as possible, and to t^tke ix into tl^ account by means of 
the preceding formula, which will attenuate lbs moTn vA may area 
i^iadnr ^s i^MW^ aliotetbfii m 



ok ¥0M'GirA^Y. 19 

Cr, CV', CT'', dr^wn perbendiculariy to tie axis of 
the ^Ititnn^ make ^irith each otfaen angles equal to one 
third o^'the circumference. I'he process consists in finft 
rendering one of these radii, CV fdr exatople, horiSBontal, 
and thenr tarnitig the plaiie V V V" about CV consideif- 
'^d as an axis, so as finallyito render it perfectly horizon- 
tklin all directions. Theii the axis C C, trhich by the 
construction is perpiendicutat to the plane V T' V^' 
is necessarily vertical. 

To accomplish this we use th6 larger level, Mrhich 
^S' iadapted to the column of the circle, and which 
.Serves to prfeserve the zenith in the revolving movements 
of the Iri^trument. The limb is to be directed into the 
Vertical plane of the screw V, alid the level placed hb- 
riKontally ; then an a^imuthal motion is given to the 
cilrcie about the column G C V and it is causedjto make half 
a revolution, which brin'gs the limb again into the vertical 
plane of the screw T. 'But then the two ends of the 
level have changed their positions with tespect to 
ihnt of the screw, the end which was south has be« 
«^Ome the -north, and that which wai north has beconie 
south; -and, since the rotation ' tras made about the cd* 
lumn C C, the' level has described ^a conical sut&cb 
^hbntihelm&C'O as an axis. If this axis be vertical, 
that ^umee bbdotnes a horizonifal plane, and the let^I 
ii not deranged; but, if the column' be inclined to thb 
llorizon, the level can no longer be in a horizontal situa* 
f ion, atid the inclination tha^ produces its deviation ftota 
it, is doubled by the revolving motion. The half of this 
deviation is therefore corrected by turning the screw V 
in a proper direction, that is, b^ raising or loweriiig 
Ihe point V, according to the indication of the level. 
Thth the other half of the correction is to be effected by 
"Aioving.tha level itself by m^ns of its repelling screws, 
until it is brought to the point of equality, in which it 
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was placed at first. Bat, as we'ave apt ^ure.of hkyiag 
made the biteotioii fxactly^ tbe operation is to be re* 
commenced with the level thus corrected. If the revo- 
lution then gives a difference, it is incomparably less, 
and after a few trials it will at last be destroyed-^ . 

Then, the column C C is in a vertical plane, perpendi- 
cular fo the radius G Y • But this is still not sufficient, in 
Older that the column may be vertical; for it may ye^ 
incline toward V or Y". In fact, by directing the limb, 
in each of these azimuths successively, it will always be 
found that it deviates in opposite ways, and by an equal 
quantity. Thus, if one of the screws be raised and the 
other /depressed equally, the column ought to becom# 
vertical and the level exact in all directions, without 
it being necessary to touch it ; this is, in . fact, what 
takes place. But, as the screwa are seldom raised' and 
depressed by exactly the same quantity, it follows that 
the first radius C V may have deviated a little from its 
horizontal position after these operations. 

We therefore recommence, by beginning with this 
radius, to re-establish the verticality <^ the axis/ Butthia 
time the corrections are incomparably less, and with 
a little practice the axis qiay be rendered vertical by 
two or three trials. Then the level remains horizontal, 
in whatever azimuth the limb is directed* The opera*^ 
tion which we have described is generally made before 
all other verifications, because they are never so easy as 
when the axis is vertical ; however, as this operatiofii 
is not strictly necessary, I have not described it first. 

When all the verifications are made, if we fix the 
pincers on the limb, ; and suspend the plumb-line, it 
should strike upon the, gpiding points P and Q, jo 
whatever azimuth it is placed, and, at the same tim^, 
the large level parallel and the small level perpen4&cii- 
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lar to the limb ought to preflefVb their horizontal ^i- 
tions. > This last verification mdiraoes and confirms all 
the others. 

There only remains the optics axis of the telteeope to 
be rendered parallel to tbe limb of the instniment^ 
ivhich is indispensable, in order that the ardt measured 
on the latter may* be equal to those described by the 
former : this is done by meansof a propf telescope, ^g. 37, 
ivhich traverses two square pieces of brass, a, b, the 
opposite ; faces of which are exactly parallel; a fixed 
wire is {Placed at the focus, which ought to be pandld 
to these faces,^ and its proper direction is ascertained 
by trials. For this purpose, the telescope is laid on an 
even horizontal plane, and, after the observer has direct- 
ed it to a distant objectt he torus it over, and points 
agun to the same object ; if the wire answers to tho 
same point in this position as in the former, it is evident- 
ly parallel to the planes of the faces. This done, and 
the proof telescope being applied to the mrcle, thia 
observer djxects it to a distant object, and brings the 
vertical wire of the telescope of the instrument to tho 
^int where the object is cut by that of the proof telei* 
cope. The optic axis is thus regulated : if there be no 
proof telescope at hand, the azimuth circle, ^hioh servea 
for the base of the Column, and is generally divided 
like the vertical circle^ may be used. The folio wti^ it 
the process: direct the telescope upon> very distant 
point, situated either in the horizon or vf ry near it ; for 
this, a difference of ten or twelve degrees ^s not of any 
consequence. Read upon the azimuthal circle the num- 
ber of degrees and minutes which correspond to the index 
pf the column, or, for greater accuracy, choose the point 
of direction, so that the index may answer to an exact di« 
vision, in order that you. may know its position^ very 






Heaily* The azimnik hemg contdlj read, iam tbe co« 
lamn half a circumference, so that the index, which at 
first answered to the azimiith A, now answers to the azi« 
math A + 9O0P ;* snd after it has been brou/orht exactly 
into thid position, fix it bj means of its pressing screw, 
lo as to render it invariable. By this operation, the ex- 
tremities of the telescope have changed places ; loosen if, 
and by sliding it upon the limb, bring it again to the point 
of direction precisely as if yon wished to take the zenith 
distance of that point in-an even observation. If the op* 
tid axil of the telescope be parallel to the plane of the 
limb, the point of diiection ought to be found at the inter- 
jeotion of the wires* But if this axis have the least incli- 
nation, as it describes, by the revolutibn, a conical 
mi|:face about the centml axis perpendicular to the 
limb^ tbe point of direction will no longer be found at 
the aforesaid intersection. It will depart from it ei^ 
Iher.tO' the tight or to the left. If the optic aXJi 
jMlly approach the > limb on tbe side of the object glass, 
the point of direction will appear t6 be r^n^ed from it* 
On the coBtrai^y, should that extremity' ^ thd 6ptic boA 
vedede from the limb, the point of direotioh will ^(^ 
.pear to have approached it» becaMe the tdescopes re^ 
jvenetheofarjecis; and as^ the plane 6f 'the Cmbisalwaffs 
in the same vettical plane, the apparent deviation (>f the 
^poist of direcUon is double the error prpclubed by the in» 
dination of tbe optic axis. This is what is shown Injlfg. 
.11, in which A C B represents tbe vferfical plane t>f the 
iimti, L/C& the first direction of the telescope towards 
the point O', which answers to the centre of the wires^ 
L" C O'', the direction of the telescope after the revolu- 
tion, and P' O" the deviation of the object O' by tfa6 
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* The iqttrament bduig wippose4 lo be divide^] into iOQP. 
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effect of tUe Inclination of t&e o^iic axis dpoh the {rfana 
of the limb, double the deviation O' B which represent! 
the real effect of Ibfit inclination, ^ - 
* When thb error is to be meaaored, loosen the inAet 
of the azimuthal bircley so that the column may be turnv 
edy and bring the intersection of the wires upon the point 
of direction; the angk passed over by the index npotf 
the aziranthal circle will be eqnal to the angIeH> C O, 
and consequently double the enor O" G B, supposing 
the object to be in the horizon. If it be not, the anglir 
passed over upon the azimuthal.oiccle will be thehorizoii- 
UA projection of the real angle. The object has been 



^ For s^certaining the error that would resnlt from a defect of paral- 
lelism of the optic axia, conceive a visual ray to be draws to the ah^ 
served object^ and to pass throagh the optic axis of the telescope. The 
aire between this ray and the vertical line will be the true zenith dis- 
tance, or Z; but the apparent distance,, or Z', as read upon the limb, 
will anly be the projection of the precediug upon the plane of the 
limbi by means of an arc of a circle, which measures the inclioatioa 
of the optic axis ; let I be this inclination ; then the arcs Z, Z', and 
I, will be the three sides of a right-angled spherical triangle, of 
wbkh Z is the hypotbenuse, and, consequently, in which we have 

cos. Z :== cos, Zti COS. I. ' ' 

Tl^is equation is the same as has been found for the verticality of 
the limb; therefore the same approximation may be obtained from 
it> which will always be sufficient, viz. 

Sini(Z-Z0 = ^5-L4/ 
^ ^ ' ^ taog. Z' 

Thist error for the optic axis is generally less than that for the verti-. 
cality, as it is very easy to avoid an error of 1' in the former, and the 
ef!ect would be insensible in such zenith distances as it is customary 
toabsdrve with the repeating drds. It also appears, that iim tAtt 
tsadi to diminish the zenith distances, since the distance Z\ i:«ad upoa 
thelimbi is less than the real distance Z. 

Should the optic axis have been badly regulated, or the objects ob- 
served at too great a distance firom it, the observtttioBS may always W 
tonaitcd hjpmeBBSpffthefTeosdingfotimiiA* . ' ^ 
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choien id the, horizon, that the opueratioir might give that 
measure at once. 

But, instead of measuring the error, if it be wished to 
correct it, mo^e the micrometer towards the point of direc* 
tira, until' half the deyiation be annihilated. If this bi« 
section be made exactly, the optic axis will become pa^ 
rallelto the plane of the limb. But, as we are never cer* 
tain of accomplishing this the first time, the verificatiou 
is to be recommenced with the optic axis so regulated ; 
and bj a few trials, the parallelism will be obtained, with 
all necessary accfiracy. — fS^e the preceding Note.) 

I take this opportunity of remarking again, that the 
accuracy of astronomical processes is always founded 
upon a series of trials and successive approximations.— 
This is equally true for the results o^ astronomical calcu« 
lations; and the same principle, transferred to other 
sciences, offers equaUy tbe surest nieans, I might say 
almost the only means, of arriving at a great precision. 
' By means of the verifications which have been de^ 
scribed, the circle is completely regulated, and may 
immediately be used in observations. All these' varifica* 
tions are much longer to explain than perform by those 
accustomed to the use of the circle. 

The repeating circle is not only useful in astronomical 
observations, it also serves in geodesic operations aAd ia 
taking plans, for measuring the augles of position com* 
priced between the objects. In order io render it more 
proper for this purpose, a second telescope is substitute4 
for the larger level, moveable about the centre of the cir- 
cle like the first, but placed on the other side of the limb ; 
the limb is to be loosened and brought into the plane of 
the two objects of which the angle is required to be mea- 
sured ; for which purpose^ there are repelling screws in all 
circles. In^. 12, let S' S'' be these two objects, and 
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C the centre of thecircle. After bringiiig the upper tele- 
scope' L' to the]M>iat zero of the division of thecircle^ 
fixittbere, and, without deranging it, turn the limb un<* 
tirthe point of the object S', upon which the visual ray is 
to be directed) is found at the centre of the wires. Then 
direct the lower telescope L" upon the object to the left, 
which is here S'% and the optic axes of the two telescopes 
will comprise between -them the angle S' C S'', which is 
that of the two objeetis.* But as the point A', which 'an- 
swers to the second telescope, is not marked lipon the 
limb, that angle cannot be read. This is supplied by dou« 
bliog it^ as is done to avoid reading off the plamb line in 
vertical observations. Without touching the telescopes; 
turn the limb, so ihat the lower telescope, which was di** 
rected upon the object to the left, be now directed to that 
on the right. Then the upper telescope will take the 
direction C L', Jig. 13, loosen it, the other remaining 
fixed, and bring it upon the object to the left, which will 
give it the position C A" S'', Jig. l4* In this movement 
it has evidently described the angWA C A'% exactly dou« . 
ble the angle comprised between the two objects. Thus^ 
half the arc marked by the vernier of the upper telescope^ 
win give the required angle»* 

t It Is here supposed that the limb is divided from right to left/ as 
in^. S. Then, by operating as directed, the upper telescope C 1/ 
moves according to the order of the divisions. But if the circle be 
divided from left to rights thearc thus passed over is what the arc in- 
dicated by the vernier wants to be equal to the whole number of do* 
grees marked upon the limb. In this case, it would be a little more 
convenient to direct the upper telescope to the object on the left, and 
the lower telescope upon that on the right, w^ich afterwards requires 
- the circle to be turned from IJ towards U'fjig. IS* in ihttq^xBxy^ direc • 
lion to that which we have supposed. At sdl evbnts, in whatever man- 
ner we operate; thsre is not any difficvdty in valuiog the arcs. 

VOL. !• B. ' 
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If yon now with to baye ihe qn^flmple anglf » Uave tli«i 
teleseopes fixed ; aod/ af|e|[ turmng the limb \\mtH tli0 
upper telescope i3 brought upon tl^e object to tlu9 i;ig|it$'i 
looten the lower tde«Cope) and bru;igit upon the object tf 
the lefty ^"yjig* 15; then the circamBtanc^ a/e 'exaqt« 
1/ the same as io the first observation | only j^he point of 
departure of the upper telsscope upon th^ limb jpB not 
at A but at A'^ ; that is to say^ at the e^remity of th^ 
dottble arc passed, over in the first ylair of pbserva* 
ti^ns. ThuS| by operating again in the sanue manner 
as before, a new double arc n^ill be added to the for^ 
mer^and if the observations be thus continuedn aiQrpiuI« 
tiple of the angle will be obtained that may be wished^ 
When it is thought^ from the number of observatipQS| 
that a sufficient accuracy had ^eea obtaiued, the ver^ 
niers are to be read, and^ by dividing the total arc by 
the number of ^ observations, we shaU have the singly 
mrc. This proceeding evidently possesses all the ad* 
vantages arising, from the repetition that hay^ be^n ob- 
served with regard to vertical angles •* 

Sep now the precautions and verifications whicb it i:e« 

t 4 

quires. 
The first is to render the optic axes pf thetelesQc^s 



* We find in the Memorial Topographique et Militair^, the fol- 
lowiog specimen of calculation for angles between terrestrial objects. 

Example, 

That is allied the first index which is on the right of the eye-glass 
of the telescope, and which usually carries the repelling screw. The 
second) in foUofwing the order of the divisions^ will be that which is 
towards the: olu^^t ^lass o£ the uppet telescope. The third is o|q;>osits 
the first, and the fourth to the second. 

Suppose that the fi»|t index being fij|ed at tserp, the three others 
WMXk the following numbers, the ihstrument being divided into ^Q§ 
degress. * 
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"Ipsrallel to the plane of tlie limby nathiDg ia morecuqr^ 
The proeesty -with regard to the upper telescope has 
-been explained t when this is regulated, we direct it 
to a distant object, and bring the axii of the other tole^ 
wtoope to the same point* The optio ntes of the telesoopee 
are then parallel to each other ; they are therefore both 
parallel to the plane of the limbi since one of them was 
before btonght into that situation . 

Thongh the repeating circle has all the adTnnlagce 
which we have explained, it ought not to be dissem* 
bled, that some defects of execution on the part of the 
^ist might destroy ail its accuracy ; and this is so much 
the more important to consider, as the defects in qnes^ 
tioH are rery easily discovered; as it is very easy, 
when we foresee them, to elude their influence i and & 

— — — — i>— — «■— iiiiiwi . i^ w il l I , M I . ^i 1—^— ■*<— a—M*^ 

1st end Srd 4lh 

OP 000 300.'^ 04a 199.^ 989 999.'' 969 

Hw sum of Which, by rejecting the itfutB» is =: o.^ eoS; andthst WQk 
have observed. ^ 

MuUipld angles. A er singb mtgln. 

ft A 90P 84S^..^^./^«r.».^ 45° 4St 

4 A 181. 684 - ...'.-.-45. 491 

6 A 972. 597 ^^.,.^..^...,..,.45. 491166 

8 A 863. S79..^ ,.. 46- 499S75 

10 A 454. 225 ^.^^.r -•...-^-45* .4995 

12 A 645. 0?S ^.^,..,,^..^-...45. 4927ft 

14 A 635. Ml -.^.•^^..^^ — •—...•----45* 49298 

16 A 726. 772. J ^ ,..,.....45. 4239$ 

18 A 8ir. 618. ^- 46. 42322 

26 A 908. 47 -45. 4235 

?2A 999. 82 .w w45. 49363^ 

24 A 1090. 164 \ 

, 212f .666— .803 

. 154r 4 

' . isej 

94 A 1090.16575 ,.-45.'* 493579 
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aally, as, mUiout proper precautions, weshoidd be ex- 
posed to great errors, of which nothing may warn ns^ 

From what has been said at the bcfginnihg of this chap- 
ter, upon ,the construction of the repeating circle, it is 
evident that the only defects in it which we have to 
fear are those which may oppose the principle of the 
repetition, by producing a constant error at each bbser- 
vation. In fact, a similar error, accumulating withlhe 
Bumber of observations^ and not being susceptible of 



' Having taken the sum of Ihe numbers marked by the four 
indexes^ and rejected the uniU> the angles given by the- successive 
observations are to.be written in a columni reading only one index 
at each observation; from these multiple angles the single angle shall 
"be determined, which will also servie to show the terms of the series, 
and to make known if any error has been committed in the ob- 
servation. When ten or twelve double angles have been taken, the 
error from the division will be sufficiently attenuated^ and the four 
indexes are then to be read ; the numbetg they give, omitting the 
units, are to be written one under another, and their sum takeiit 
which in the example before us is 0.666, firom which 0.003 ia 
to bb siibtiacted, that is to say, the sum of the errors given by 
theindteea when the first is at the. fiof^^ of the division. The 
fourth of this difference is the decimal.part of the number of degrees 
given by the last observation, . .Thus, .in the above example, 0. ^6Ci 
^ 0. cos zr 0.663, the fourth .of. wiuch n Q.. 16575 ; dividing by 24, 
gives the single angle.=r 45.^.493579 ^ * . 

We might, strickly speaXing, dispense .^ith reading all. the ob- 
served angles, ^ind read only the .last; but^ if we have time, it will be 
preferable to rel^ them all, in order, to .know the terms of the se- 
ries, as has been said, and .be able to retake, them incase of an error. 

It is always proper, to. read the numbers, marked by the four in- 
dexes prior to commencing.the .operation, .for measuring* an angle, 
as they may mark different numbers at different times ; and this 
may happen fh>m a slight eccentricity of the indexes, occasioned 
by conveying the ins.trument from one place to another, or even 
by the different expansion of the brass n4ers which connect the 
indexes* . . 
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compensation^^ since we always suppose the instrnment of 
an invariable ferine would necessarily be found entire 
in the mean' zenith distance^ which, iaChis respect, would 
not be more exact than that derived from a single 
obiservation. 

0( this kind aie the errors due to the inclination of the 
optical axis and to a defect in ' the verticality of the 
plane of the limb* /We have given the methods of mea- 
suring and destroying those errors, or of attenuating 
them sufKbiently to render their influence absolutely in- 
sensible. But there n^ay be still other causes of constant 
errors in circles, to which we have not yet attended; 
The first is the error of centrage. It takes place, if the 
upper telescope, in turning about the centre of the 
limb, can play about the axis which supports it. In or« 
^erto investigate the errors in the zenith distances which 
would result from this cause, let us commence with the' 
first position of the telescope at the I>eginniog of the 
observations, which is represented by O C A, Jig. 16 ; 
then the ring M N^ pierced at the centre of the index 
whicH carries the telescope, has descended by its weight 
upon the 'axis C M, about which the telescope turns ; 
and the ring touches the axis in M, at its most elevated 
point. Things remain the same in the second position of 
the telescope after turning the circle^ in order to pass 
to the even observation,^g. 17 and 18. Only the point 
of contact of the ring has passed from M to N, upon 
the opposite part of its circumference. Consequently, 
the arc A Z A' passed over by the index upon the limb, 
^g. 18, is greater than the true angle a C' a', and the dif- 
ference is equal to Aa + A'a' or 2 A a. But a contrary error, 
and more considerable, takes place in passing from the ^r 
cond observation to the third. In fact, at the end of the se- 



30 M TftBATISS 

colid, tho teIe8C4>^ hat the porition O C !A% Jig* 18. la 
the revoWing moTement of the circle, the telescope takeg 
the direction O C A% Jig. 19. It preserves the same in- 
elinatioa to the horizon ; the point of contact N remains 
the same, and the point A' likewise. Butt i^hen the 
limb is afterwards turned yertioally about its centre C', 
in order to bring the telescope again towards the h^venly 
body, and to give it the direction O C[ A", as in Jig. 80, 
the point ^rf* contact of the ring, upon the central axis, is 
no longer at the same poiiit N» The telescope fidls by its 
weight, and the contact returns to the side of M, in the 
opposite part of the circumference^ This movement 
causes the point A' to approach A, because the eye-glass, 
denoted by O in the figure, is fixed by means of its 
pressing screw. Tlie telescope therefore turns about the 
point O as a ientre. The object glass, in descending^ 
returns upon the limb by a quantity A^A", quadruple 
of A'a' ; and, as the double arc concluded from the first 
pBit of observations was too great by 3 A a, the quadru,- 
ple arc concluded from the two consecutive pairs* is too 
small by the Same quantity. It is cleai" that the same 
eiSect will always be produced upon each pair, and that 
for equal zenith distances, it will always be in the same 
direction by the same quantity, sin(:e the ring of the in* 
dex and the central axis are both circular. This Is 
therefore a cause which will always tend to diminish the 
measure of the zenith distances. It is s6 much the more to 
be feared, as the radius of the ring and that of the axis are 
generally very small, 86 that even the least play between 
them considerably increases when trans&jrred to the limb- 
It is therefore of the utmost importance that the juxtapo* 
sition of these two pieces should be observed with* ex;- 
treme care, and for this purpo^, the axis of steely which 
carries the index, should be sufficiently produced, that 
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||ie artist may adi^pt it exaotliy to the ting* tlnforta* 
^tel j>, it appepti^ that safficieQt attention haii ndt ytl 
]>een pf^}d to this, except in the last circles that have 
)>een pqostrpcted. i 

Another effect^ absolutely similar to this, is produced, 
^f the pressing screw, designed to fix the index upon the 
jUmb^ has not yujB^cient power to retain it inrariable ; for, 
in passing fr^ni the second pb^eryation to the third, or, 
in general, from an even to 9kn, odd oaey the telescope 
might slide by its weight, in consequence of the motion 
^hich is giyen to the limb; ^nd then the point A' is 
also displaced in one direqtion or the other, so aa either 
to augment or diminish the zenith distances. This dis«i 
placement Will only have an in4uw<ra in the passage from 
odd to even observations, in which the fixity of the tCf- 
Jescope upon the limb is indispensably requisite* 

Finally, an efiTect of the same k^nd is also produced 
if the repelling screw which mcives the telescope upoft 
the limb has the least play in its nut or its cdyiar. Foi. 
without entering here into too miniiUe details on the con* 
struction, this screw may be considered, as intended also 
to retain the telescope fixed in passing from even to odd 
observations* If the screw be too loose in its nut, the 
^lescope which it moves might absolutely take the 
jame movemestts as. the screw ; now, as the telescopic is 
Mcessarily reversed in passing from even to odd obser- 
vations, the repelling screw, which is connected with it, 
takes also opposite positions, as is shown in ^gs. 18 and 
SO, in which this screw is denoted by Y, ^Consequently, 
if it have any play in the nut which retains it, there wiU 
he one of these two positions in which the telescope will 
no Jonger be properly supported. Thus it will turn in 
the direction in which it is drawn by gravity, that is, 
the point A' viUX' descend if the cod i^^bich carries the 
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object glass be heavier than that where the eye-glass is 
fised ; should it be the contrary^ it will rise : in the first 
case, the zenith distance given by the first pair of obser« 
vations, will be diminished ; in the second case^ it will 
be increased. 

In vain might we wish to gnard against these errors by 
reading with care the verniers in the two opposite po- 
rtions of the telescope, as they could not be thus per- 
ceived unless th^are enormous. Fortunately, they may " 
all be corrected by a very simple means ; this is, by 
observing the zenith distances of stars to the north and 
south of the zenith ; for, if the circle give the distances 
too great or- too little, the sum of these distances will 
also be too great or too little by a double quantity. 
Now this sum is the difference of the polar distances of 
the observed stars T thus, by. taking this difference in . 
very eifisfct catalogues of the stars, it will be seen if the 
circle has any error^ and in what'direction the error lies. 
Unfortunately, we ^nly khow perfectly at present the 
polar distances of those stars of which the two "passages 
can be observed. There is much uncertainty respecting 
the others, and it would be a work of the greatest utility 
to determine the decliitation of the most brilliant of them 
exactly, by means of their meridian altitudes observed 
with the repeating circle,' in a place such as Paris, the 
latitude of which has been exactly determined by a mul« 
titude of passages of circumpolar stars. However, with- 
out waiting for the execution of such a work^ we may still 
supply the knowledge of the polar distances, when we 
do not want ^n absolute latitude, but only ' the difference - 
of latitude of the two extremities of an observed ate, as ge« 
nerally happens in geodesic operations, which are those in 
which the greatest accuracy is required. Jtis then suffi^- 
e^t to repeat at these two extremities ibe observations of 
the zenith distances pf the same stars to the north and south 
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of tbc jBenttlit The saw pf tjbeee opposite difitwo^ 19 to 
he tal^^n for each fftotion, in order to hare the m«g$|ir«s 
of ib« 99&iie pelaatlal ar^» Then^ if an^ differeQCQ bo 
fbnnd^ its bMf mp«t b^ added to the di9tw<^ obferved 
iq tbe ftaUoQ vbere the sum of the di^taQo^s if tfa^'Ie%|t. 
Bjr tbi« meanB the ern^ of tbtf circle >viU be the same <4 
the two stations^ and the difference of latitude will be 
Gprrect. jBat the absolute latitude might bavis an errof 
of 4he whole quautity porrespoudiu^ to tbe ^olnta 
error of the cirqlet* 

. * Let N be the trde zenith distatiee of a star situated to the north 
«f the senkhi in the most northeriy station. JM fi bo the tme lEenNI 

jiittonco of a st^ situated to the south; 9pd ipbser?e4 ^t the eamf 
statipi^ Call N'^nd S' the analogous quantities for the most 
aouthern station. These vould be the quantities observed if the 
circle had not any error. Then the difierenee #f latitude would bi 
N'— N, -ord— S'; and the celestial aic AayN-^K^', A'axN'+S', 
would be the same in both stations^ &o th^f: Wf shpyld fin4 AxA', 
It will pot b^ t}ie s^me if the circle have had a jX)nstaQ.t error p in the 
first station, and the error / in the second. For then the observed 
zenith distances would be N4-e> S+^; N'+ e'y S^4*^« and when 
these fire lUMnbined ip order to ^i\d thp difier enc^ ^ la^i^H^, w« sbvl} 
bave, for thie pocth^rn st^rs, N' — N 4- ^ -^ i^ ; fpr the ^uthern star^^ 
S-*3'-k^--'^- The errors affect these results in contrary ways^ 

bence^ they di^»ppcar by adding, and tfeeir half sum ^^ , .* ~ 

wiU giire ibo iriie 4iff9r#nGe of la^tude^ Aotwitbst^JQ^ii^g tjffi G^^staot 
errors at e^pb stj^tipa, 

But if it be wished to value the difference of these errors, that is^ 
tb® quantity which the constant error of the eirde bas changed, b)r 
Mneportitfg this instrument from «ne siatioa to the^olbfiv aj9lbini 
is more easy ; for, by taking, at each station, the sum of the zeuitb 
distances, in order to obtain the celestial arc, we shall have 

i^ithefirst, A=N-|.S + 2e, 
in the second, A' = N' + S* -f 2 ^; 
an4 a9 N' -*- N is equal to S— S*^ if these tii^o equations be tubtractei) 
, the ^ne from the other, there will be found, 

A — • A* 

"Si 
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It appears evident that the causes of the errors aboTo 
explained have produced the small differences which 
have sometimes been remarked l|;>etween the absolute 
latitudes observed at the same point with difTerent cir* 
clesy or by different observers, although the particular 
results agreed with each other. The corresponding ob- 
servatioas at the north and south would have corrected 
the effect of these differences, if that means bad been 
thought of sooner ; it appears indispensable to employ 
it henceforth whc^iever the greatest possible accuracy 
is required. 

In order to complete thb chapter* I conceive' it will 
be useful to explain accurately the theory of air 
levels ; as many readers may not have very precise ideas 
respecting these instruments, though they are very fre« 
quently used in astronomy and physic^* 

We generally call a tube of glass closed at both ends^ 
and partly filled with al liquid, as water, alcohol, or 
ether, an air level • The space which is not filled with 
the liquid is occupied by air, or at least by the vapour 
of the liquid ; and as this, by virtue of its gravity, al-^ 
ways tends to occupy the lowest part of the tube^ and 
to preserve a horizontal surface, it results from it that 
the bubble of air is thus displaced, and ascends to the 
top of the tube* Consequently, its movements indicate 
the variations in the inclination of the plane upon which 
the level is placed. 

Let us first examine the case in which the bubble of 



that 18 the difference of the erran. Add this to the zenith distances, 
K' + e', S' -f e', ohserved at the second station, they become N' -f e, 
S' + e. They will therefore then be comparable to the observed dis^ 
tances in the first station, and, by combining them, we shall hav^ 
N' — ]^i or S — S', for the true diflerenct of the latitudes. 
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nit is so small^ tbat it may be considered as a point* 
If the interior' of the tube were perfectly cylindrical, 
there could be, strictly speaking, only one single posi- 
tion of the level in which the bubble would remain sta- 
tionary in the middle of the tube ; this would be the 
horizontal position ; the least inclination would displace 
the bubble, and carry it wholly to one of the extremi- 
ties* It is therefore necessary, in order to avoid this 
inconvenience, that the interior of the tube should be 
clightty arched ; then the bubble will take such a posi- 
tion as will c^use its middle to answer to the point where 
the tangent of the interior curve of the tube is horizon- 
tal* If the inclination chahge, the bubble is displaced^ 
and is darried to that point of the tube which has be- 
come the most .elevated ; that is, where the tangent has 
become parallel to the horizon. 

Among all the curvatures that may be given to the 
tube, the most advantageous is that of the circle, be- 
cause the displacement of the bubble then immediately 
measures upqn the tube the variations of inclination. 
In &Qt, IHNS^Jlg. SI, be an indefinite arc of a circle 
which represents the longitudinal section of the level* 
Let C be the centre of the arc, and C A a radius directed 
according to the vertical line ; in this position of the 
level, the bubble of air, which we still suppose to be 
extremely small, will be placed a£ A. But if the in- 
clination changes, the radius C A will be inclined, as ii^ 
Jig. SS, and another radius, such as C A', will become 
vertical; atthe same time the bubble will be displaced 
and carried to the point A'. The arc A A', which it des- 
cribes upon the level, is the measure of the angle A C A', 
or of the chahge of inclination. 

In all this it is supposed that the level is only a ciP* 
cular physical line. This is not possible in practice ; 
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btit Oke adTafitegM of th» (siteuUr fi^re ffity «till 6« 
preserredby considetlog the interior sarfdedjof the Isy^l 
fls a iring generated by the oIr<sle D D'^ ^ig'Sfc^ ih6 c«illM 
Of t^hich moves upon the circtilar direcitdD 'N &• Saek 
& surface evid^tly preserves all the properltes Of tb« 
system which we^have donsidered. As to the manfter of 
giving this curvature to tabei,lt 60lilist« itt wearittg otit 
iheir interior ftnrfacds by friotioA) with nketalllc rodft 
wtiich are successivety intfodttced at both endtf^ ntktW it 
1^ fbutid, after numerous tdals, that the motion o(fth^ 
air bubble agrees exactly with the changes of lacliMtiOttl 
In order to i^e^ when this o<^itioa is fulfitled^ tfa^ lev^ 
is placed on ah inclined platie of a determbiate lenf(h^ 
the inclination of which ma|f bfi tendered variable by 
means of a vertical screw^ the distance of whose tbtaada 
is known. The head of Ae <l»«w stippirb a dial pkti 
flivided into equal patts^ and an index: like the s^ew of 
a micrometer. In tuitiiiig the aerew ia kilk^wii qaaotity^i 
It is easy^ aceoipdifig to the preceding daii, io oallHlUte 
the resulting Variatiobs in -tbe inoIiMticm of the i^ft&Of 
and it is ihim seen if the motion -of (be^buMbloia ik^ 
tube is exactly ^confoitni^li to idiem^ To d^ Ihli '>99t^ 
commence by dtaWibg tipoli tfa^l'jglbss tube (E^qi&PdlhFi* 
liOnS through its wllole fe&g^> 

¥6t lextmplti by i^ubifiitt&ig to tUs pifoof 4 letel Obli« 
Ifriicted bjr Portin/fdr observations of tho Jfiftltitdo ii 
DuhkiA) it was found t6at the Hit bubUo pasaed oi^tr 
tbrbe millitkietres (about >ll» bf an ItngUstiiueb) ^n 
the tirb^9 for a oUaog^ of ote tieKAgesimsl i^eoonA in 4lia 
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* The practical explaaation of these ptocfiedings is £)nncbl0 ^iwt^ 
g^M aieaioir. of lI«deChei^ upon the coastnictioa of }fve)8| in«' 
sertedin l)ie memoirs of the Academy of Sciences aod learned Fo- 
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teotinatioiiy ftnd it preserved this motion wifli perfect 
fegulftrity through the whole extent of the divisions, 
l^his Msiilt may also be verified in a more exact man* 
tter when the level is adapted to a repeating circle) b^ 
lybserving a distant object. To accomplish this, place 
the limb in a vertical position, and direct, one of the feet 
of thd circle in the azimuth of the object ; bring the up* 
per telei^cope io zero, and turn the limb until the objebC 
tomes to the centre of the wires ; then place the great 
level so that the bubble may rest v^ry near one of its ex- 
tremities. This done^ without touching the telescope, 
turn the level and the limb together in their vertical 
plane, by means of the repelling screWs, until the bubble Is 
bvottght to the othei extremity of the tube, so that it thus 
paase* ovet a great number of divisions ; then the object 
Ho longer answers to the centre of tlie wires, and in 
order to replace it, the telescope must be moved on the 
Jknb. • 7he arc which jthe telescope tfausdesctibes being 
lead, the change of tndhiation corresponding with the 
number of divisions that the bubble has passed over wB 
'be known $ and, consequently^ by dividing this tnclina- 
'tion by that number, we shall have the value of each of 

tlM afc passed over in an observation of this kind 
behig always vtty mnatl, a single observation will not 
' give it with sufficient accuracy, because of the errors 
Oat may be oomtnitted in reading the verniers ^ but the 
principle of repetition may be applied here. In fact, 
the first obseivauon being made, and the telescope 
brought again upon the object, displace the great level, 
and bring the bubble to the other extremity of the tube ; 
then, without touching the telescope, turn the limb ver« 
tioaUy^ until the bubble return to the opposite extre; 
mity ; and as this movement wiU displace the olqeot. 
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bring it again to the centre of the wires^ by moving tbe 
telescope ; by this means, the telescope will describe a 
new arc, which, being added to the former that it had 
passed over, circumstances will be precisely the same as at 
the time of the first observation ; wherefore the same 
operation may be repeated, and even a third or fourth 
observation made, so that the total arc passed over may 
be large enough to allow the errors of the extreme 
readings to be a very small aliquot part of it. This 
arc, corvesponding to 1000 or 1200 parts of the level^ 
will give, by the division, the Value of one of then& 
with extreme precision. This proof is so much the 
more necessary, as it indicates the value of the divisions 
on the level when it is in its place , which value may 
sDt be the same as when the level was free and simply 
placed upon an inclined plane. For the mountings, ift 
which the level is generally set, may bend it and change 
its curvature, especially if it has a considerable radius^ 
as in that used at Dunkirk, the radius of which was 
$19 metres, or about 67^7 Englbh yards.* 

In all the preceding explanations, it has been sup- 
posed that the air bubble was sufficiently small to be 
regarded as a pmnt. This consideration was useful for 
simplifying the reasoning, but it is properly avoided 
in practice; for experience shows that a bubble bo 
small moves with great slowness, and that the least 
obstacle, the least irregularity in the tube is sufficient to 

* This appears from the nioti6aof the bubble in the level. Upon 
this an arc of one sexagesimal second is expressed by three milli- 
metres; now, it is known from trigonometrical calculations, that the 
radius expressed in terms of the arc is equal to 57^ 17' 44*. 8 of the 
sexagesimal division, or which is the same thing, to 206 S64" 8« 
Since each second amounts to three millimetres, the radius will be 
three millimetres muliiplie4 by S0a264i 8, or 618,7944 metres, or 
nearly 677 English yards. 
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stop it ; on the contrary, the bubble is made very long, 
because it has been observed, that the longer it i^y the 
more sensiUy ; that is, the more quickly^ it comes to an 
equilibrium* 

This phenomenon depends upon the reciprocal attrac* 
tions of the liquid and the glass : it is of the kind of 
those which we call capillary phenomena, because they 
were at first observed in very small tubes, in which it is 
known that liquids which moisten the glass, rise above 
their nktoral level, and form a small column terminated 
by a concave surface. The edges of this surface, com* 
posed of molecules adhering to the interior of the tube^ 
rise along it, and their inclination depends on the great* 
er or -less action of, the tube upon the fluid, as well as on 
the fluidity being more or less perfect* An analogous e& 
feet is produced in levels, upon the extremities of the 
bubbles which they contain. These e:(tremities are 
raised along the tube, by which means the bubble is 
rounded in the places where the surface of the liquid 
touches the glass ; and more so at both ends than along 
the sides* The bubble is also more rounded in a^narrow 
than in a wide tube. This agrees with the nature of capiU . 
)ary forces, which, commencing at the surface and having 
a sensible action only at a very small distance, have an 
efiect so much the more intense, as the surfaces which 
exercise them are nearer to each other. For the same 
reason the elevation of liquids, in narrow and vertical 
tubes, increases as their interior diameters diminish, so 
that the liquid column thus raised is' reciprocally as 
the diameter, as both experim^t and calculation agree 
in proving. From, this it may be conceived that the 
eflfect of these forces ought especially to be consider- 
able upon a very small bubble, about which the fluid 
forms a concave surface of a very small radius. Then 
the lea^t asperity of the ti^be may coi^sid^rably change 
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the attmctioiis that determiie tjits farm^ and lengtbea 
the bobble ia one directum more than in a^otheri or eveu 
absolutely atop it ; instead of whioh^ these effecta will 
be mach less upon a long babble and in a large tube, in 
which the ritisingoftbe fluidi bj the effect of capillary 
action^ Vfill be much. less. Such are the advantages of 

great levels^ similar to those which Fcnlin has constructed 

■ » 

for onr circles. Bnt^ in order that this length may bo . 
useful, the interior of the tabes must he well worked^ and 
exactly bored according to the circular curve; pre« 
cautions which artists do not commonly take, contenting 
themselves with the natural curves which tubes of glass 
always take when they are made* ' 

The bubble of the level haying a sensible dimensioa, 
its middle point is regaided as the most elevated point 
of the tube, and it is the motion of this middle point 
that determines the changes of inclination. In order to 
express and measure these changeis, the tube is divided 
in all its length: the zero of the dirisioft answen to 
its middle, and, for determining the poetticoi of the een« 
f re of the bubble, half the sum of ike divisions which 
limit its extremities is taken. l%i» is strictly true if 
the tube be well bored, according to the annular form, 
for then, its form being symmetrical in' all its parts, that 
of the bubble will necessarily be the same. We might 
even, if we wished, take ^ one of the extremities of the 
bubble as the index of its motion, but the other method 
is more advantageous^ because it attenuates the smaH 
irregularities of the tube by dividing them between iht 
two extemities of the bubble. At all events, it is certain 
that both these proceedings are equally inccmect if thh 
tube be badly worked within. 

It is the common custom to place the zero of thcf d^v?^ 
sion, as we have said, at the middle or very near ihe I 
Middle of the tube; which is> inr fact^ iaoi« eMiikioi 



4kmk M ^ mi^tft^Pfi, M«: Jj|ie« nwrft jrtAf^ Hit 
^ is br 8^ ^lim«i iW^eniirr; ivf iipiffbt Infill Om 

•f:kil9i bus pfmHM t^ iii t^^ni t^ V9p«iit|i|§ oiitolM^ 

W^Sfaiid tbQ ^ii^9Mj <tf: tli^ cftwe?w(MQs bjr the iitiie« 
»tii4^ vm 9flt^smrjf Mtv^w Aq ob^eirvei viia.diieeMil 
^e (^k«Mp^»iid bs vbA ratified the lei^. 

te ilw .imtiml eotomn ate«t vbiobitheiCdcfile turiit; J** 

MM placed perpeuidicijilarlj to the direction of that colaiaiv 
ai4 pp^llfl IMhe pJiUM; of (hi limb. The. timbitielf 
aMy ili^Jleifim^jF attiM^ed to the colitn^i^or ratbet.talbii 
TeitiailplMfiuiihff^the latfier Mrrieq^atid* «pa«ivhid» 
(he Hab U &ie(l bjr meaeaof twft stroiiff sene^. ^ o^dai 
1% «Miie4be fliit ebn^rv^ifii^ we b^ia aa usual hjs 
MupgBig4he j^seofifete tbeieit^eCthe €Ktitioii«peiiitfail 
^nl%e«» wbii^hanu^uatsle ihesametdiiiif ^ bjr ieed|nx>icet«i 
Hfltlyiitbe yiwito «f tlie difiaiua miupkf d bjr the ytxniotBt 
fbe«$ ptauli ieri?e fof the oi^in of (he arps which the. 
tekMiepe diMiibee* K«il» after kmeaieip the Uab, m^ 
(nmiilf jit u«i^ the (el^aeepe is diiotiUvl tovirda Ifae 
hie»ien\jp . bodj^ . we fie: it «i that dirfcfdon^ aid lue &# 
kifMHiii^ isreweltf being the hedy eva^ajF* tt> Kbe wibs^ 
ikt thia instautMift of the ebiiereera leada Ihe; aie^ aif^ 
(he other the level. The circle is then paused to malce 
VPI-. ♦• » 



fiatf a revMdttofi in^ tlite ifibul^t <iiian>f^f &lik>iltlllie Vertieal 
•aluniii in' order to passadUbe BedbndMjsennatiati. - This 
Utiie 'ihfi Umb biustreniMtfi fix^d,'t)tft t%%^ telescopfeiir 
to beioo^eniedi aiid %Tou^%t lEigain 16 4ii^^ Hearealy body. 
If lh« CofobiHiV^ rblhefr if the akis of'^Matioii of (h^ 
difoU^stitlremiittii exactly t^rtlcdl^ste W^ ^tftty^ sUt>pMe)t 
it was in thaftrfil^observ^M^' the-Ie^I ^rfil'HOt' ha^^ 
b^eti'd^titged'by>tlie revolving mov€^r»#nt of HH« cfrcle ; 
and thcMatD' pflt^d^ oVeif ' u^oii 'the liittty 'Will4)& dbulAeiBaf 
senittpdfatani^y'WttAfoataity oorrectidnb >- Jiat if tbe- a^ 
weteinoVpethMy^verticiAyOt if itH^vt^^taken atiyinoli*^ 
fiaiito. in passing* fi'bih ih^ drsft'observftttM^otheJ^Giohidy 
as Hic dttfe bar f evdty^ aboot- fty ih^ litiMMe ctff^e 
lemliMrilti mA -Cfm^bnA tb* fhb'^same points of ihs fabe^ 
ifl^ tile r«VoI«tibir; > /Fbfs 4d the reasM Why «be dti^K 
ver again readfa'offtthtilei^lA inthirtaeeond politiort^'^ bef 
badljread itiin'tbo^first, hiid by^meaosiof thesis t^brMld- 
ii^ (be irfcifnatiaviiof ty axis i»f nrottttibti on the irellJestr 
iafoniidv^' ■ \- • »!■'.*•, i !; o.! **« ,. i... . . . .^, y*. hj.h 

; To conceive ho^ tbis' is done; teVith^ 'Heip^tii^fi' 
tidaa of the levels aiid of the axts ofi»ro^tioh'^ lii« Cti^ 
deiibrtbe twoiobftervations, be carifu^iy ettfliifaed/^ lUt 
VJ^rM' 23^ beth^'diteetion'of that&xib; a^A'SSlttp 
ait df 'a circle ixi^re9enliitg»'tke< lo^gitadinal' secttotf of 
tbtsWel; Let 10 bo { the centre of : the lerel, which ^ will 
BOl be placed ia the. prolongation of the^xis^of rotataUBfi' 
iiaksa that axis be per{KA«diculaJ' to < the toveh The ttn^ 
gle;C A P will be the inoUnatsm^of tbe a^ of th^le^ 
to the axis of the circle, afi incUn^ion which we caUlV 
]f through tho foot of the circle, ot through the pgint Py 
tbe. verticdline P Y be erected, the angle Y P Ay which! 
19* denotdd iby I, will be the iaclinatioa of the axia of 
fototion of the circle ta^ this vertical Uac. Fkally, if 







fiem tiie point C, tbe centre of tbe' level/ the Vertieid 
line C Z be drawn, meeting its circnmfer^ite ktJBi' the 
point Z wi}Ibe the centre of th^ bubble, since this centre 
ought alumys to be found at the most elevated point of 
the level; and the arc AZ, read upon the cii^ciilas 
division of the level,' will be the.measurfc of the angle 
Z G A, that is, of th^ inclination of the radiufa C A to the 
Vertical line. Now, by prolonging the diifebtion A P of 
iiieaiia until it meet the vertical line CZ m D, it h 
Widest' that ' the exterior angle Z V A' of the triangle 
CA0 iseqiialto the' suni of the two ' interior angles 
CAD and C I) A ; 'the ' first has been denoted by P; as 
to the second, it is eijual to Y P A, or to I. Thus, by 
substituting for these aiigi^k their values id parts of the 
level, we shall have A Z^ I + 1'.- 

Noiir, if the circle be returned as p/^. S4, as the n> 
tation wiH be performed abont the axis A P, the radius 
C A of the level will describe a conical surface about this 
axis ; so that, after the revolution of the circle, the incli* 
Mtion CAP. will be the same, but in an opposite direc* 
tion; that is, it will still be equal to P. Besides, if 
through the new position of the centre C, the vertical 
line C Z' be raided, • the point Z' will be the centre of the 
fcobbfo in* tho new position of the level; the angle 
Z' P^A >Hli still be equal to I, and by a reasoning simi* 
lar to the aimvei we shall have A Z' = I — !'• 

Thus, tbemroAZ/in thefir^ reading, is the sum of 
the inclinations of the axis of the circle to the vertical 
line, and the radius of the level; while in the second 
reading t the arc A Z/ is equal to the difference of the spme 
angles ; firom which it follows that the inclination of the 
level to the axis of tht circle i» equal to the half differ* 
ence-or these arcs^' atid the inclination of the axis of the 
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is to Mjy we have 

it stitt remains ta ^d the valae of these arcs A £ 9n^ 
A z^ This ij^ould be easy if the iNFigiii of ^\m divisiooi 
o^ the tevel was exactly at the poml A| in the proIoii|;ai« 
ttoa of the axis of rotatioo ; for Chen the simpls leadinr 
would express tbek isralues. Bttt> whatever may be the 
origin of the divisionsi it is easjf to obtain these ralnee 
from the two readings combined^ and they ahnoi| im« 
mediately give the c(Nrrection dn^ to the mcUoatira of 
ikeaxis*^ 

III order to {lerceive the effect of this ineUnatioii upon 
the zenith aistances, let C^Jig* S5f be the centre of the 
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« LSC Mi Jig. id, t^ 4|e bA^ 6f fht tfiH&ntMis of i^ MMi^ itf the 
f^^fiM of the poilit B^io on ihs tub^ ; ttdl A the dtstshcfei h M|4HbI 
that origia to the interseotion of the level bj the prolongationof dn 
im ot rotation ; let S t* t>e the whole length of the bubble^ and de« 
fM^ by !t %nA 9 the ido^o^bi^ifc^ c»f its Ktifth and^ttthtit^emftiil, 
ilttii^ the distineeft of ttieie extren^ttes frotfi thcof^iii tie^tii 
diyinodi or ^e ares M N^ tfS. Tina being done» the poial Z behtt 
supposed to he die middle of the bubble^ we have, in this first poai« 
li^fi of the level and of the limby 

' ij8tthefimbbvfchmiMihordertopssst»«lie8eeblDdfii>i€i$rlliii% 
>l^. di. In this movemeat the point M will pass to^lWTon the etbst 
side of the axis. Let 2!* be the centre of the bubble in tnis new pOr 
sidon, and call Mti H' and S* the to-drdlhites ^ itd ISTdrth&t^tl ^tl^ 
eitr^MUei^ thai is, Ib^ i^i It' l4' U§i W S^ we MA Iftto lift^ 

jfttAZ' + Ii+A^ N'ajAa'— Ii-i^Ai . . ...t 

ftom thw expressioas we obCam 

A4^A*ii*l?f-iW'+iA Ai^i'jliiU^ + t* ;■• ' 

k A2 4- A^ * 
d is *he inclination of the %si8 of the drcle to' ^^e terf 



tiqa towards the North, whith has lieen denoted byX; sad 
Az— a2' ./ » . 
r~-* »^he ao£^ formed by the smof Oe circle with the 
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UriibI ,C0 Oil VMtibai Un«, <38 4id tiitaiE rftj^ dUt^ to 
tlie JitetMly. IMdjr 16 be obivtviBd ( tlit angle S G 2 ^itt 
U die tMc 2enith dyfanMw NdW ht CPb<$ tfav Alu^^i 
UAn tfef the lads ef nMatian of tte d|rii«« WMeh M^ 



iAm 



isdms %f the kreli wbi^eHgle Iim beiii caM l\ W» iiftf<i| tMrtM 
feMi the Mki^iii i^^mi A>r these (}ueirtUie^y 

In elder to ebMin a greater de^me of ftymmtetff Iti tli« tateUM^hii 
Hius beea eiippeifcd thai the pdiDt M^ whteh is thh dHgiiidr tim diVi' 
Meas, fell without the haW^ od %hk HmhlM bid». Tfai bibtH^, 
howef ei^ ie geteally of etikh W maghitttac^ that tbii oHgta Mi }^ 
tireeo he extieittee^ and whorlfte letel le iNirieeiif id, A16 pofnt iff tt 
nearly in the middle of the bobble. Thea tM dfMaaee HH, froffh ih« 
origin of the ^vinohs to the Northern extrtett^i mi|it be considered 
as negative ia th^ above fornsule. The'same also for N'; and with 
this liadifiBstioB the pffeedtiili eoKpiwildBe will beebnifl 

I — , 1, jp., ^ 

We shall iimit eanehree to enmine the fiiit tWo, which ^m the 
inclination qf the axis ; the two others, cpQtaining;^ jhe distattte A^ 
whidhrit is impossible to know, cannot be applied. 'But fbrhniatelj 
the angle F, which they determine, is not necessary to the oheerva^ 
* tionsb Now, it it evident ikat N and S' l^re the cokoidiifates of the-isame 
l^hyaical eztranitf of the bubble, before and after the turning of the 
limbii for, if t)us extremity were North in^e first ^servatifMOi it is 
South in the second. It is the same for N' and S; these are the co-Ofdi« 
ittftil ef ifae other and 0^ the bubble. From that results the foilowiag 
Mei^u^ObMrVe, iifoA the di^ilion of tlie tube, the two numbers which 
Ii6#es|^hd to th^ iahie physical exireinity of the l^ubble in tbeiwe 
(bhaienkiV^ bbtor^tlohs. I!air the difference of th^e numberi 
4A^ ^Mis the ihdibatidii of tfae a3ds towatds Ae end which has 
been considered as negative, that Is, towards the North, if this end 
waa.#f«6W m the North ff tfta aenitfa In ^he first obdorvatioh, and 
ttowaids the ftouth, if it was directed to the South, 

ftft tttll Majr \k titpireiM ill ^ ihanneir still more sitnple, by rer 
iMHht ft Itt m 'tb^^iti tUeh th# I^vll iuccessiyely taltes, relaUve 
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posed lo be inclined to the vertical on tbe side^of IW 
Ikeavenly body ; ibis axis, prolonged to Z% - will dettt*- 
mine the apparent Kenitb aboftt which the limb turas*^ 
Now, it isto tbisiapparent zenith that-we refer upon tho 



la*tbe observer who reads its divisi^nSs. Suppose/ that In the first ob* 
servatioo the Souih end of jthe bubble is on the left tasnd of the obser- 
Yer; in this case, the Nor(h eod will be on his right., i Now, the limb 
is turned in order to pass to the second observation, and he who reads 
the level also, turns in pacing t^ the other side of the jimb. Then 
the left extremity of the bubble is still the same physical end as be> 
fore ; only, instead ef bAing diteeted to the South of the senith, it is 
directed to the North. Thus^ if we denote byL; R; L'; R*; the left 
and right extremities, of the bubhloin'the two observations, we shall 
have S=: jL; N s R ; S" =: R' ; N'n: If. By substitultDg these letlers 
in thf (formula .which gires the inclination of the axis towards the 
en3 N or R, we shall have, . 

— or else I— y 

under this fOrm the interpretation of the formula does not <^fer any 
uncertainty; and the application of it may be rendered very simple 
by the following disposition. Write the readings of the two extremi- 
ties of the bubble successively in two columns, which call L and 
R, that is to say, left and right, as below. 

L^ Differences^ Right ' Differetues. 

130 ^ . 148 ^ ^' 

The first contains the successive values of L^ L', for each pair of ^ 
observations; and the second, the values of R^ K\ Thus, by taking the 
diflereilces of these values for each pair, we, shall have L— L', an4 
R'— R. And if the half .of these values be taken, it will ^vc th^ 
.iocKnation { of the top of the axis towards the side R of the babble;^ 
or towards the side R of the zenith. 

Here, for example, each of the two first pairs, gives — H^ sz + 9; 

that is, the top of the axis is inclined 6i parts towards the side il at 
the Etnith; consequently, towards the North if the end R is turned 
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litah all the observed distances ) for tbe point of the limb 
that remains 'fixed in iU revolution is the po^t A', situa* 
ted iir the ditfkitU^ii of ihe axk of rbt&tion of the heareni/ 
bodj) instead of Whtch, it-shoutd be the point A, siina-^ 
ted 'ill 'the-prolongAlion ^"Ihe v^kical line.- The 



L 



to the ^orth of llic zenith, _ If the observ^dT heavenly boi^y ii situate^ 
dfafliiiriame side, as in '/i*; 24, thc-^ieVjith disfatices Will ' fee tW little 
b>jr0 ipartitiof <the iei^e) ; wherefdve* ihey must he 'inorefaiecl by ihoC 
^usm^^py.' ,T()U if<ould,l)e two/sejca^esiQial e^conc^s in l;he kv^ used M 
Dunkirk. But if the observed heavenly body were situs^ed O9the3oui^ 
of the zenith on the side S/ ana that ttie level nad been read as is here 
suppe^iefd, 1li^ii^c1i6ati6n towirdd N^ould augment rhe Wmth dis* 
tamcea, iitnd. it^ would be- ne^ie^sary tp subtmci it.. < 'The simt result 
WQi^djbe foundrfrom the left end of the bubble,; for it gives Lz= U^ 

L;;±: ^30^ cpns^ently- 1 n^ — ^^rr'^ir^'u • 'i ; . : '. " 

The Itknrd p<lf of k>bsetVations presfents^f little oha^ge i«the-irf(^<' 
ss^fion^ fcfr wepiriy find 2r?4-^« We thu»^rm,aU the differeticci Te>! 
la|iyeto each pair of observations^, and, take the, inean^ whi^h is fho 
correction to be applied to the meaq distaftc^ deduced from the eT> 
tte^fe" readings of the observed arc. * !Fn tfiii kddifidi,' eabh of the 
diiffisreii^ces R'r-R or L^L' mutt be. written ^itli iusigti, foyMme of 
^eni may be pofitive aQ4 Pthesrs uegativej; if the leyel experiei^fe way 
derangement in the course of the series; andlthis will almost alw^s 
happen wlien the inclination I is very small. If the tube be perfectly 
bored, and if the temperature do not vary,* the kngth of the bubbl* 
tetnains coBstaBt/and it will be sufficient ta observe one of its.ex- 
treijii^ies ; but as v^ can nev^r ^e. q^rts^in of abscdutely avcddipg all 
these variations, it is always proper to,observe tho two extremities ci 
th6 bubble, aiid to take the mean difiference. 

Tfajere is an undoubted advantage iti tising constantly the «ame 
Wthod of performing pcactical operations .which are to be. frcqoiaaitl^r 
repeated. Wherefore? it is proper always to read off the level in, the 
same manner ; for example, in placing ourselves so that the side K. 
may be directed towards the heavenly body which is observed ; then; 

if or 2 is positive, it is to be added to the zenith distance; 

if it be negative, it must be subtracted. All, is then reduced to this 
very simple, rule, and there will never be any mistake conKfnitte4 
respecting the direction of the inclination. 
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^t 18, .<Q tt»t inqlimttim of tb^ EKtt to the Tfitiok 
It 4ipiiDi&bep tb« fenitli ^igbme^, irlwi th# tqpi of jHm 
WW incline^ towfddn tM lieayi9n|y b^dy^ M Ui jig** S&# 
on (he c(mtpfugr» |t uioreanfs IbeM dMuoei wbm the alto 
inelines .from that bodj| relatireljr to the Terticftl linei 
as in^g. SSi,. Thap, iq the ^r^t qase, th^ ^nKctioil 

^^t^rmipfd fcy t^e l^T^U »8¥ to he a^ed to tb^ «W^ 
^iftanoe \ and iatheaecoiid, H ought to he sabtfaotedfiaMpi 
II. The Teitieality of the axn ^r^ not necessary in Af 
old circles^ because tl^e limb y^^% rectified after t)ie i:q- 
To^yiqg |i^^e99^t, ]by ine»ps af the f^peUUiy «cfawf» 
so as to faring the level io its primitive posWon. This to 
net peasiblein the new circles^ siqce the level is not fixed 
immediately to the limb^ hut to the oolump of Ao to* 

stsufDwW it ii true, ife migbi at once raiaaff dirfrnp, 
aooording to eiFcnmstanees^^ the ser^ws afdapted to tto 
base of'tfie coltimni ai^d which serve to reader it ver« 

tjli^ ^^t it is a tliq^saad tiiiies wm simiitof vm^ Qtm» 

asodions^ and exact, to observe the deviation ^. the kvel^ 
and to eorrect the efibct in the observations ; nnd so 
B^iich the more fo, ^s Qeither the calculation nor th$ 
«I9)lii^tion of this Qprre^timc^r^ a^y di$cii4tjr^ 

This method only siqnposes^ as a rigeffsva and indiir 
|N(nsable coridition, that the limb of th<^ circle remiinf 
firmly fixed to the axis of rotatiQu iq the twQ <H7nflfeQigiUT4^ 
«)if^¥aliw(s» withoQt the piMefs» vlitoh retoto it^ per* 
mitttog the least movement. If this condition wevenaf 
f^I^ed, the point of the limb irhich answers io the 

IproioQg^Uon: qI the a^is of rotaMQai vo^W wrf i^mm 

the saqie in the two consecutive observations^ and Ihif.. 
change would produce an error impossible to appreeiate. 
Tbe inost mtonte carc^ must, therefore^i be iflSitf^ in ma*' 
liqg the instrument, that tlje pqi«4 yf^ ^% ^^ flj |»t 
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fation and the limb are connected together be rigorous- 
ly ^ed; this is Mr hat our excellent Fortin has ob« 
tained by fastening the limb, by means of a strong pincet 
and two pressing screws, against a vertical plane of 
brassi which b itself fixed to the axb and supports the 
limb, as has been said. 

It may happen, and indeed it .commonly does happen, 
that the axis of the circle does not strictly preserve 
the same inclination throughout the whole duration of 
a long series of observations ; but the level indicates all 
these variations, and as it is read off at each observation,, 
it determines the true value of each correction t but only 
the mean of these corrections enters into the mediumi 
result. 

' When a Ibng series of observations ought to be made, 
for example, when it is wished to determine a latitude 
with the greatest accuracy, care should betaken to calcu- 
late, everyday, the value, which the inclination of theaxia 
has had ; and as this inclination can be varied at pleasure 
by means of the repelling screws adapted to the base of the 
column, it should be so arrai^ed, that its successive va^ 
lues, on each side of thexenitb, may be nearly equal. Then 
the positive add negative correctipns of the level com* 
pensating each other, we are independent of the values of 
its parts, or at least, if the compensations are not strictly 
exact, the number of parts of the level which remains 
in the mean result is so small, that the error that may be 
committed in their valuation is absolutely insensible. This 
is the method which we used in the observations at For* 
mentera and at Du.nkirk ; as to the measure of the parts 
of the level, and the determination of their values, the 
operations have been explained at page 37 ^ 
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Description a^d Use cf BoBBA's Reflecting Circle • 

Tub following description of Borda's reflecting circle 
and of its use, is extracted from the second edition of 
Biot's Asironomie Physique^ where it is given by H^ 
RossEL, late a captain in the French navy. 

We are indebted to the learned Borda, who by his 
trorks has contributed so much to the progress of navi- 
gation, for the best reflecting instrument* His first iit« 
iention only was to improve the circle of Tobias Matferj 
a professor at Gottingen ; but the improvements he 
made imparted to it so many advantages, that he may 
be justly I'egarded as the inventor of the reflecting circre 
now in use. 

The reflecting circle (figs. 28, 29, SO, aiid Sf,) con- 
sists of an entire circle; but as it is calculated to give 
the angles that the rays reflected from a mirror make 
with each other, half degrees must be reckoned for de- 
grees, and the circle is divided into 790 parts instead of 
360. The large mirror L G is placed at the centre of 
the instrument, and turns about it by means of the index 
C B. The small mirror I F, instead of being in a fixed 
position, as in the sextant, is placed at the extremity of 
a second index O P, moveable about the centre of the 
instrument, and carrying the telescope O at its other ex- 
tremity. The position of the telescope O therefore re- 
mains constant with respect to the small mirror I F ; but 
when the index O P is moved, this mirror changes its 
position relative to the large mirror, and takes different 
degrees of inclination with it. Suppose the index B C, 
which .is called the index of the large mirror, io be at 
the point zero of the graduation, and that the index P O 
of the small mirror is fixed by a pressing screw in such 
a position that the two mirrors are parallel ; then,^ if the 



Index of the largfe roirror be moved from B to D^ and an 
iDbject seen directly in the telescope O be made to coinip 
cide "Vfiih the image of anotl^er objedt reflected bj the 
large thirror^ it is evident that double the arc B D> or the 
number of degrees and minutes marked by the index in the 
{>osition C D, will be the angular distance of the two ob* 
jects whose images have been brought into contact, Thi^ 
method of observing with the reflecting circle is th^ 
same as that employed when the sextant is used, 
Wherefore the angles measured are affected v^ith the 
iprror that may take place in reading the index^ when 
the two mirrors are parallel. 

What has been said is derived from the fundamental 
principle of the construction of all reflecting instruments, 
viz. that the angles formed by the visual rays of two ob» 
jects brought into contact with each other, are equal to 
double the angle B C D, passed over by the index» But 
when the index was at B, the mirrors were parallel ; 
therefore the angles formed by the visual rays of (wo 
objects in contact, are also measured by double the an« 
gle of inclination of the surfaces of the two mirrors : 
thus, whenever these surfeK^es make an angle with each 
other equal to B C D, the same objects will still be found 
in contact in the field of the telescope. From this re- 
mark, a second method of observing single angles with 
the reflecting circle may be derived; this will be to 
inove the index OP of the small mirror, ins'tead of C B, 
that of the large one. In fact, the index C B being at 
xero, and the Surfaces of the mirrors parallel, if the index 
of the small mirror be moved, in the direction in which 
the divisions are numbered, from P to P' (Jig. 31,) until it 
has passed over an arc PP' equal to the arc B D, (Jig. 30) 
n^hich was previously described by the index of the 
large mirror, the angle formed by the surfaces, of th^ 



two Burrors will be the same in th^ latter ^ase u i&tfa# 
former, with only this difference, that, after having 
moved the index af the small mirror, this angle, instead 
of having its opaing on the arc P B D, (Jigj. 30,) will 
have itontheopiiosite side, O'PP', (^. 31 ;) therefiMre, 
the direct rays of the star, or other objeof, the reflected 
image of which is observed, will strike the surface of the 
great ndrror from the sideO' P F'i (fig* SI J instead of 
P B D, (Jig. SO,) and pass between the small mirror and 
the object glass of the telescope, before arriving^ at the 
large mirror. The means of fulfilling this conditiwi is by 
causing the instrument to make half a revolution, by turn* 
ing it about the axis O P of the telescope* In this second 
position, that &ce of the instrument which was to the left 
band will be turned to the right, and those parts which 
were the most elevated will becbme the most depressed, 
and vice versa. In order to obtain the angular distance 
of the objects which have been brought into contact by 
this second niethod of observing, the number of degrees 
and minutes indicated by the index when the mirrors were 
parallel, miist be subtracted from the number of degree^ 
and minutes given by the same index at the end of the 
observation. 

The observations already described have not any ad« 
vantage over those that are made with a sextant ; qn 
the contrary, the radius of the circle being generally less 
than that of the sextant, the single angles measured 
with the latter instrument will be susceptible of greater 
precision than those that are measured with the former. 
But if multiple angles are observed, and the two me* 
ihods above described be combined ; that is, if the two 
ndiees are moved alternately, and the direct rays of 
the heavenly body whose reflected image is observed^ 
Ml upon tkjB large mtrior, in passing aUemately between 
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the object glass of the telescope and the small mirror, 
or on the contrary side, then the reflecting circle pos« 
sesses so many advantages over the sextant^ that the lat- 
ter instrnment will probably be wholly abandoned at last* 
Suppose that it is required to observe the angular dis* 
laoce of two objects, and that, after placing the index of 
the large mirror iipon the point zero of the graduation, 
the index ofthe small mirror is moved until the direct 
image of one of the objects, and the reflected image of 
the other, i^oincide iu the field of the telescope. After 
having completed this .observation, if the index of the 
small mirror be regarded as fixed, and that of the large 
mirror h6 made to advance in its turn over the arc B D. 
(Jig* ^U) CQ^ ^o the arc P P^ which has been described 
by the index of the smsXl mirrort it is evident that wheai 
this moviag index is in. the position C D, the surfaces of 
the two mirrors willbe parallel. Suppose that the index 
of the large mirror be then caused to advance over the art 
D £, equal to B P, it will have actually passed over aa 
arCf t^e number of degrees of which, marked on the 
graduated limb, will be double of the observed angle ; 
bnt the angle that the surfaces of the two mirrors theei 
make with-each other, will be the same as that of their 
mutual inclinations at the end of the first observation s 
this angle, instead ^f having its opening on the side 
O' P P/, will have it on the opposite side P B D. There- 
forei iu order tbut the objects may be found again in 
contact in the field of jljiie telescope, the instrument must 
be caused to make half a revolution about the axis of 
the telescope, so that the direct .fay« of' the heaven- 
ly body whose reflected image was observed, may 
feU ^upon the large mirror from the side P B D. . It 
should be remarked, that it is not necessary to know 
the poiqt D, to which the index corresponds when the 
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mirrors are parallel ; by bringing ibe two objects into 
contact, the arc B Ey which is doub^le the observed 
angular distance, is obtained direotly • The angle thus 
measured will not therefore be affected with the error 
that may be committed with regard to the point of paral- 
lelism of the two mirror^, which may be a fourth or a 
third of a minute, that is 15" o^r 90". But another ad* 
vantage is, that an eri^or at the point of graduation which 
answers to the indent of the large mirror, only influences 
double the observed angle by its whole value; and con- 
sequently the error pf the single angle Will only be half 
that of the graduation. 

When the second observation is finished, a third may 
be commenced, and the index of the small mirror made 
to describe an arc double the observed angle : th^n the 
two objects are to be brought into contact. In a fourth 
pbservation, the index of the large mirror is moved over 
the same number of degrees, &c. and when the two ob- 
jects have been made to coincide, the arc indicated by this 
index will be the quadruple of the observed angle. Ob- 
servations of the same angle may be repeated at pleasure ; 
and at the end of the sixth observation, for example, the 
arc marked by the index of the great mirrof will be the 
sextuple of the angle observed : at the termination of the 
eighth, it will contain eight times the angle, and so in 
succession. In general, the observed angle will be 
equal to the arc passed over by the index of the large, 
mirror, divided by the number of observations ; and this 
angle can only be obtained at the end of each even ob- 
servation. . As the error at that point of the graduation 
which corresponds to the index at the end of the second 
observation, only influences the measure of the angle 
by half its value, at the end of the fourth observation it 
will only influence it by its fourth, at the end of the 
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sixth by its sixth ; the influence of this error will there* 
fore always be diminished in proportion as the number 
of observations is increased; and it would be possible 
to multiply them until this influence is nearly insensible* 
It is from this last property, and that which renders it 
unnecessary to know the point of graduation which an- 
swers to the index when the mirrors are parallel to each 
other, that JSorcfa'^ reflecting circle derives its principal 
advantages over other reflecting ^ instruments. Thus it 
appears that it k solely in the disposition of the com- 
ponenl parts of this instrument that the inventor has 
found remedies for those imperfections that could not 
be avoided in its construction ; and also for the weak* 

m 

ness qf our organs. It cannot be too much admired 
by what a simple combination of mind, he has been able 
to give that precision to angles measured with this cir- 
cle which the most able artists could never attain in the 
construction of the largest instruments. 



On verifying the Positions of the Mirrors, and of the Axis of 
the Telescope with respect to the Plane of the Instruments 

Thlb first verification is that of ascertaining whether 
the two mirrors are perpendicular to the plane of the 
instrument. This is done precisely in the same manner 
as for the mirrors of the sextant. 

The telescope O of the circle is fixed to the index of 
the small mirror, and is held to the supports R and V by 
two pieces placed near the ends of the telescope, and 
which enter the grooves of the supports. Each support 
has a repelling, screw intended to vary the distance of 
the telescope from the plane of the instrument, as it is 
wished to have more or less of the quicksilvered part of 
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tbe small imrreMT in the field of the telescope. The j^p« 
ports R and V are each divided in the same mad* 
Ber, which serres to place the axis of the teles* 
cope in a sitnation parallel to the p|bne of tho: instrn* 
naent* As different degrees of inclination may be given 
to the telescope, hj means of the repelling screws placed 
near its extremities, it becomes necessary to know the 
point of the division on each support with which the 
proof-Unesof the repelling screws correspond, when the 
axis of the telescope is parallel to the plane of the circle; 
This is ascertained m the following manner : firsl^ after 
laying the circle flat npon a^ table, and l)ringing the 
wires of the telescope parallel to the plane of the instra> 
meni, two pieces of brass, similar to tfhose represented by 
fig' 36,* are placed on the limb at two points almost 
diametrically opposite each other. The instnimeBt is 
next disposed in such a manner that a very distinct db- 
ject, at least from 19 to SO feetdistant, is seen in the di* 
rection of a line passing through the upper part of the 
aforesaid pieces of brass ; then the telescope is placed at 
the zero of the division on each support^ and the index of 
the small mirror moved until the same object is seen in 
the field of the telescope. If the object appear exactly 
at the intersection of the wires, it will be a proof that 
the axis of the telescope is parallel to the plane of the 
instrument, and in all observations, the proof lines of 
the repelling screw of each support must be placed at 
the corresponding points of each division. But, when the 
object does not appear exactly at the centre of the wires, 
by moving the index of the small mirror, it may easily 
be brought io it by turning the repelling screw nearest 
the limb ; and then the point of the division which an* 

s _ ^ • 

■»■ > ■ " ■ III I . . . ' , II I H i. 

* Hie Prenth call these pieces of brats m9urr. 



OH TopoonAPHT« 57 

6irer8 to tbe proof-line of the screw is to be bbierved* 
finppose it were one or two degrees above that of the 
repelling screw which is nearest the centre of the instru« 
ment, then the proof*Iine of the former must always be 
placed the same number of degrees above that of the 
latter; if the same line had been a certain number of 
degrees below that nearest the centre, it must be so 
placed in all observations. 

When the axis of the telescope has been rendered 
parallel to the plane of the mstruraeiity the observation 
is to be made exactly In the same manner at with m 
sextant. 



On ascertttini^ when the Surfaces of the Large Mirror 

are parallel 

BoRDA, in his work, entitled ^^ The Description and 
Use of the Rejlecting Circl€*\ has given the following 
Cable, by which the errors arising from a defect of paral- 
lelism of the surfaces of the large mirror may be corrected* 

This table is calculated from the hypothesis that the in- 
clination of the suvfaces of the large mirror is equal to 
one minute ; Borda means by right obseroation^ the obser- 
vation in which the reflected image comes from the right,, 
and by left observation^ that in which it comes from the 
left ; he calls cross observations^ the two successive ob- 
aervations, one on the rifi:ht, and the other on the left, 
which render unnecessary the preparatory observation of 
the parallelism of the mirrors. 
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90 


1 28 


23" 


38 


• 95 


1 43 


28 
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4 5 
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1 31 


725 
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1 15 


1 53 


ISO 


5 58 


1 28 

• 


2 15 

■ 

1 i" 



We sfiall now explain the preliminary operations 
'which should be performed before this table is used* 

After ascertaining. that the two mir|rors are perpen- 
dicular to the plane of the instrument^ and that the axis 
of the telescope is parallel to it, two very distant terres* 
irial objects are to b^ chosen, the outlines of which are 
nevertheless well defined, and their angular distance 
being not less than 120^. This distance is to be mea* 
sured by numerous observations ; as soon as these ob- 
servations are finished, the large mirror should be taken 
from its box, and replaced in a contrary way ; that is^ 
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(bat edge -v^liich vas nearest tbe telescope jnlbe first 
posUiQO of the mirror, tb6 farthestfrmn.it io :the second $ 
the large mirror is then to be rendered perpendicular to 
the plane of the instrument; sind the angular distance be« 
tween the two terrestrial * o^ects to be measured again 
bj the same number of obserratjons as before* If the 
two' series of (diservations give equal measures for thai 
distance^ it will be a proof that the«urfaces of the mirror 
are parallel ; and then thb obserred angles will not want 
any correction* But if these two measures c^ the dis- 
tance are not equal) the large mirror id prismatic, and tho 
half of their sum will be free from ^rot ; hence it follows 
that .h«H' their difference i^ili be!the error of the observed 
aijigldsi This errorshould be added to the angle measured 
whetidhefoiri^ir is jo its first position^ if thM aiigle is lesf 
thah /the ailgle given by the second series of observations 2 
but, should it be greater, the error xnu$t be subtracted*. 
^ i^ojoda^s . table aftirjds the meaos of iQalculating, by (^ 
•im|[ile.proppf tioQ, the error of the observed dbtaaces| 
wHatever oAAy be the inclination .of the surfaces of thf 
knrge mirror. Thje proportio/i is. ^e following ; as t^f 
enrori Indioated by the table, which answers to the dis«^. 
tance observed for verifyiog the in/itrument, is to tjbe 
error given by the same table for any other angle, 90^^ 
for example, so is the error Tound by the verification, to a 
fouAh . teroi^ Whiqfa .wiM be «the error arising from the 
large mirror when an angle of SOP has been measured. 
; Whenever the observation are repeated with a circle, 
t|ie direct rays of the object, seen by reflection, fall upon 
ifxe surface of tbe large mirror ^Itei^ately from the sides 
P B D, ijijg. Sip and O' P P' ; the angle of incidence will 
sometimes be on the side where the two surfaces of the mir- 
ror are aearest to eacji other, ^adrsometimes on th^ oppo'- 
site si^ie. Tbe Wpjs of th^ p)j?erved angles wijl Ihere^ 
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fore take place in contrary directions ; but ifaey -will ie 
greater when the rays 6f the object seen by reflection fall 
npon the large mirror from the side P B D, than when the 
same rays pass between the small mirror and the^ object 
glass of the telescope ; because their obliquity is greater 
in the former case than in the latter* At the end of each 
even observation, after the half, the fourth, or the sixth 
of the observed angles has been taken, the error will be^ 
£qual to half the differenee of Aese two errors* 

It ought to be remarked, that^ when the direct rays of: 
tiie object seen by reflection come from the side P B D, 
the observations ftre the same as those that would have 
been made with a sextant* Therefore, the errors arising 
firom a defect of parallelism in the surfaces of the larg)^ 
mirror will be less with the circle thail with the sextant. 
It has been observed that these errors are the least when 
the direct rays of the object seen by reflection pass between 
Ae small mirror and the object glast of the telescope; 
it may therefore be regarded as a general rule, that, wheit 
It is wished to observe a single angle, the index of the 
br^e mirror must be fixed at the point asero of the gra«i 
duation, and the index of the small mirror moved in the 
direction of the same graduation. '* 



On tJu Coloured Glasses, and th^ Parallelism of timt 

Surfaces. 

'The coloured glasses ofUie reflecting circle, (^g. S3,> 
nite detached from the body of the instrument t if it 
be wished to weaken the light of the heavenly body seen 
by reflection, thejr are placed at H, {fig. 28 and 2&,) !» 
Ae socket made to receive them; but, when the light 
of the body seen directly &l to be weakened, they are 
jplaced at K. The two surfaces of these glasses should 
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4i0 exactly paraTlel, in order, that they maj hotoccaaion 
any error in the measures of the single angles ; howeyeri, 
if they are not parallel, the errors of the observed angles » 
occasioned by this imperfection, are to be corrected in 
the following manner* 

Place the indent of the large mirror upon the point zers 
of the graduation, and that of the small mirror upon the 
point where the two mirrors are parallel ; put a coloured 
glass in^ the socket H, and another in that at R ; then the 
sun must be observed, and the edges of his direct and re** 
fleeted images brought into contact by moving the index 
of the small mirror* When this first observation is 
finished, the glass in the socket H must be turned so as 
to presenrt its other surface to the large mirror ; and, if, 
on observing the sun again, the edges are still found ta 
be in contact, the surfaces of the coloured glass are pt* 
rallel, and the single angles observed with this glass 
vrill not want correction. But, if the disks of the two 
images are either distant from or cover each other, thd 
repelling screw of the index of the large mirror must 
be turned, and the images brought again into intact. 
The arc passed over by the index of the large mirror 
will be double the error occasioned bytthe defect of pa- 
lallellsm 9f the surfaces of the coloured glasses. The 
same observation may be repeated several times; in the 
fooith observation, the arc, passed over by the index 
will be quadruple of the error, and in the sixth, it 
vill be sextuple. Generally, the error from the coloured 
glass will be equal to the arc passed over by the index 
of the large mirror, divided by the number of observa* 
tions. The position of 4lie line CN remaining con«:x 
stant with respect to the coloured gleiss, the correction 
of that error will be the same for all the observed angles* 
By operating in the same manner, the enors of all the 
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colowed glasses, similar to those of /^} SS, mhy be as»» 
certained when they are placed at H. It will be equally 
easy to ascertain the errors of these same glasses when 
they are placed at K ; the process will be the sai^e^ 
except thatj between the observations, the glass in the 
socket K must be turned instead of that in H, The po- 
sition of the line O N P is invariable with respect to the 
sttaation of the coloured glass placed at K, and th^ 
correction found in this case will be applicable to all the 
angles* 

The advantage which^ in general, is derived from 
increasing the number of observations made with a cir- 
cle, is as great with respect to these errors as to all tho 
rthers^ for, whatever may be the inclination of the sur* 
feces of the coloured glasses, the error of tlie angle 
measured will be nothing at the end of each even ob-r 
•er vat ion. It has been already shown that the error 
vas the same in all the observations; thus it will liave 
the same value whetherthe direct rays of the object seen 
by reflection fall upon the large niirror from the. siie 
PBD, <^. 31,) or from the opposite side., But th^ 
instrument is reversed in the second observation; eont- 
requently, if the refraction experienced by the regedted 
ray in passing through the coloured glass, tends to ^le^ 
rate ithis ray in the first observation, the sanM lefiMr 
tion ought to depress it equally in the second. G^hen 
the half of the double angle^ or the fourth of the qua. 
druple angle, aad so on in succession, will be ftee from 
error* 

It is to be regretted that tte glasses of j%. 33 cannot 
be used in all circumstances* Jn fact, if, tbrough tha 
centre C of the large mirror and the edges SS of th« 
mounting of one of these glasses, the lines C M, C Y he 
drawn, whenever tha direct rays of the hody seen by 



reflection fall in. the angalar space M C Y, they meet, 
before they arrive at the large mirror, the coloared glass 
or itsmotinting, and the observatioli \rill be imperfect. 
In the ciroles construidted aceotdtng to the dimeosions^ 
fixed by Borda, the angle M G Y should be SS' 40'. H 
the line C X be dralvn parallel to the axis of the teiescopey 
%he angle Y C X Trill be 5"" SO'. Hence, in the caser 
in which the direct rays of the object seen by leflecttoo 
pass between the -small mirror and the object glassy of the 
telescope/ it' is impossible' to mkilie tise of th'e glasses of 
Jtgi 93^ 'mfhenerer the obserred wgle is between 6° 80' 
ahd 34f^« The glasises of Jig. 34 must then be employed^ 
and placed before the large mirror in the sockets q. q^ 
Biit these glasses may occasion ernors rather considerable* 
In fact, they are first traversed by the rays fill ling tipofitho 
large mirror, and then again by the reflected rays ; there* 
fore, the rays of the body seen by reflection experienoe a 
double refraction. Besides, the errors arising from thede* 
feet of parallelism of their surfaces vary in each observed 
angle, because the angles itiiit the direct and reflected 
rays make with these surfaces are not tlie same. The 
glassed of Jig. 34 must, therefore, be used only for ob- 
serving altitudes between 5' 20' and 34°. At atl events, 
iht obliquity of the rays of the body seen by reflection 
will not be very great when the aifgles are below 34%- and 
the errors t^ocasioned by ihi defect of this kind of .|flasse8i 
^will b6 less ill the.circumstances in which we are aUtged 
to use them than in all others. The distances between 
the sun and moon are always greater than 40"*, aad those 
between the moon and stars are so seldbm less l!han Sii\ 
that the coloured glasses placed before the lai^ mirror 
are scarcely of any use in observations of distances. 
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Point of Parallelism of the two Mirrors. 

• Whek simple angles are to be measured with the re- 
flecting circle, the point of the division, which corre- 
sponds lo the index of the small mirror when the surfaces 
of tl)e two mirrors are parallel, must be known ; suppo- 
sing, however, that the index of the large mirror has pre- 
viously been brought to the zero ; this is what is called 
the point of pdralldism of the two mirrors ; and the 
process for finding it is the same as with a sextant ; with 
only this difference, that, instead of taking half the di& 
£erence of the two arcs observed for obtaining the rectifi« 
eation of the sextant, that is, the point of parallelism of 
the two nurrors, half the sum of the two arcs, given by 
the index of the small mirror at the end of each obseT« 
vation, mustbe taken when the circle is used. Therea* 
son is very simple, and arises from the index of the smalt 
mirror being on a part of the limb in which the division 
is continued. 



■ 

Observaiions of the Altitudee of the heavenly Bodies, and of 
the distances between the Moon and the Sun. or the Stars. 

. The sinlple observation of the altitude of any of the 
heavenly bodies is the same with the circle as with the 
sextant. The index of the large mirror is first to be 
fixed at the point zero of the graduation; then, after ha- 
ving placed the index of the small mirror upon the point 
«f parallelism of the two mirrors, the heavenly body, of 
.ivhich the altitude is required, is to be observed directly 
in the telescope. When the sun is to be observed, a co- 
loured glass is placed behind the small mirror. The re- 
fleeted image is then to be depressed, stift preserving it in 
the field of the telescope ; and lastly, after having re- 
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lOEmid HiS nb>i|ft ioliured gUss, tUs imag^'is la iMi 
beo^gMhito cbtftact.mOi iHe kofunh. c! Tkrare iilclieaUNl 
bjjr iOia: iiide^//dtiiii«iiUied by that M^kidk aii^lMPrtf to tM 
li^er^' fiAea this siirfaE^tt of l)te ftirrors arspiirallsli h ^aiil 
to the bbaefTfd allHiidti^ Theiinddc^^f the tfmaiU iii$rro» 
Bflij&ils^'be'fiKedjIaLtbepoi^t.of .parallolitm, atid 09A^ 
tiib lar^e ime moved:;, in which ome, tk# ate marked 6^ 
tiite(ihdinpwtt{^tke.o&ierired 4titiide« ThereaA>h8lbf 
viiicfcitiffpifefei^fl toFusetbeihdcx^ th<^ small mitnit^ 
and :to^!n^g«rd tbbt 'df Ihe large ipirror as beiag ftted, 
Imveibeon sxpbdaed^at tbe.emelasioir^ the artidtf oM 
0is>fif«HeKsai oC ibefsuvfaocisf of the latga iiiirror« 
V>Ztelreflectifig€i«cIe<2afi possess a|l its' adMfttai^s only 
niMb'tfae 4ybsetTaltM6 are vepeated^ dogle altitodei 
iubsil4baicfo»e'be.^l>serYdd!oiiily in <3lise»'iit'ivlli6h1f H 
iflspossSbie to mak« :seVsra1 obsetTatiofwi tnr ^uce^sstoft^ 
it ^h(yn iiio ^erkU^ altitude «f a bdayMly-body ist#¥ 
^ii«d« la all otbef oireumstances > the Observatiimi 
ihoiild: be. repeated* Ffom the risiag of the heaven^ 
bodies tO'lhetrpaMi^ the mevidian,. tkciV attitudes ia^ 
e^sne>; and^ A^mo ^the instatit of tbis passage to iimt of 
their«<«0ltlog^ they^deorease* In both cases' the mottont 
jnt altitude aite Teryntieqttal; nevertii^les^y th^ varia* 
tsoes mkiik ihejre&perieoce are not so consider abtoaar M 
pre^rsntaft from soppoiing, without sensible error, thlff^ 
dwridg the ahcnrt ioteriraiof foiur or six obserTations^ the 
ebangee in altitude ate proportional to the tim^« If 
(BewtfBA altitodes a#e to be observed "when this soppositioa 
is nearest the trotb, tiia^ is, wben the Sua is not too near 
the meridian, tbe method of proceediag. is the follow^ 
ing^:-^The faour^ minute, and second, in which oaohfob* 
SGVvationa k nmde^ are to be written dowar ; . and the arc 
passed over by tbe index, dif^ided by the number of elbh 
servaiiontfi wili bo^tbe meaa altitade crMrnej^^mdin^ to the 
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rot«ti\tM9t tbe lAservatioris. Infiict^ tke firit tfbser^* 
yed altiUidfl wfll be that of the body at the initant of 
tjbe^rst diser vatioR ; the second altitude will be ^equal to 
the fijrtti plus or minus the qaaatitj which the body has 
as^^iided or descended in (he interval between the first 
and second observations, or Us aettial altitude at thciuf^ 
slant of the second observation. The arc, described by the 
index of the large mirror, will, therefore^ be eqoal to the 
sum of the two observed altitudes; and, if the niot&Mi in 
alti.tndewas sensibly proportionid to the time, half the 
s^mi of these two altitudes, or half the arc . reckoned 
on the instrument, will be the mean altitude dorrespondip* 
kig to the mean time, or to half the sum of the tioiies of 
f he two obscr vatioBs. When four observations are taheh^ 
Ihearc described by the index will be the sum of. the 
iour observed altitudes; and a fourth of this^ sttm will 
give the mean altitude corresponding U> a fourth part of 
^be sum of the times ofthc^four obscfrvations, or to their 
mean time. Should six observations be imade, a: sixth oC 
the arc passed over by the index must be taken, for: !thd 
mean altitude corresponding to the mean timcv and^eoHDin 
in succession for any greater number of observations. : 
. The quantity by which the distances of the moon, firom 
the sun or the stars vary in a given interval of time^ it 
jaciuch less than the changes in altitude in the same.inter* 
val ; and the supposition, that the changes in the distan* 
ces are proportional to the time, may be regarded as:bi^* 
ing very exact in practice. The case in which the moon 
is very near the meridian, and passes it at a very, great 
altitude, must, however, be excepted, .Though the 
changes in the true dbtance are. not affected by this cir- 
cumstance, yet, as the apparent distance, which then 
^perieaces very great and very .unequal changes is 
observed, this hypothesis may beosime the cause of er« 
rors, the influence of which, on the calculated true^dis« 
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tance, and consequenfly upon the longitude deduced 
fpom it) would be verjr seasible y for which reason, dis^ * 
tances should never be taken during the half hoar which 
precedes, and that which follows the moon's passage 
over (he meridian* 

It should always be ascertained before observing dis« 
tance.s, if the mirrors are perpendicular to the plane of 
the instrument. At all events, as the circle is much 
lighter than the sextant, it is more easily held ia all po« 
sitions ; it will really be troublesome only when the 
heavenly body that is seen directly has a very great alti- 
tude. The method of observiog th^ contact, with a cir* 
cle, in a plane parallel to that of the iostfomeDti it tho 
same as that used with a sextant* 

In order to avoid uselesi^ troubile in briogtifg the inia* 
ges of the two heavenly bodtesi of whioh the distauG^ it- 
to be observed, into the field of theteksoopeat eaoli. 
observation, search beforehand in the Nautical AlqwuMi 
irhat this , distance ought to be nearly* When thit.is 
found, it will be easy to conclude the position that th# 
indexes should have at the initant of each observaltoin* 

For instance i ^ Suppose that the mirrrori of the Gir<« 
cle that is to be used' are parallel, when the index of tlia 
small mirror aivwers to 47V SO'; and that the distanen 
is 80", add the single distance of 80' to 471 SOS &q4 
we shall have 66r 90' fof the ^t position of tbe index 
of the small mirror. 

Double the distance, or IdO', will be the position of ihm 
index of. the large mirror in the second observation. Tim 
position of the index of the small mirror in the tbini 
observation will hem"" 30' *• 16Q% or 7 i P 30'. Tk^t of 
the larg^ imirror in the fourth qb^ervation will be IfiO^.Hr 
160^ oc SaO^i and so oa, by always, adding doable thf 
distunes^ .t^ tha num^f «hi«^ iodiaatea tka.pwnedin^ 
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pMi(i09 f0f' tb^ siiiife iodexk The Mootiftivtf p#sUiMi 
tb^ tl^e iQ4tip£9». t>ugbt to bare^ majr be wrHtea down Jii 
tbe fpUowuitf tuaHner :-p-« 

Positions of the Indexes. 
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m " < 



1st., 

3... 

4,.- 

5... 
6... 

8 



P>»*4M#.«^^. 



Latge Mirror. 



• 4-fci 



160" 



.3S0 



480 



«ki 






S«i«Swnrr 



55 P 30' 
711 S9 
.151 30 



► * 



^911 SO' 



If tbe iiid^^» ^e kueccfisively place<lia tbe pos$(fbi» 
iriiieh Ibis specimen indidates, Qi« Iw^ bodiesfiiriH be 
f4ttild jm (bd Md^f Ibe itleicopt without any diffl* 
#tftty. 

« Ifigllt'Or tefn obsilmtibi^ may be employed for one cal*« 
Mktioik ; 'bat tt i^ best |o «se only six. Siipposihg titer 
gi«ateat error te the gradttatioft to be half aniiAiite, or 
30^^^ the error caa never exceed a sixth port of this, or 5" ; 
md nott freqaeatly it will not etde^-^* After having' 
lead the aro described by the index at tb^ end of the 
ilitth observation, ibe index of Ifaie large mirror migfat 
Ite^bfOugte ba^ to lie point s^ero of the- division, and 
other fix observations be commenced for a firecond eal^ 
«iktioB I bfft a is better to rsgard the termioatioii of the 
ate that has been read, at th^ pofait of departwe, and io 
Mifttintte iamofve the IndeKes alternately m the direicjUoii 
lif the divisions } wberefote ^befiiiinibeni'thovtd bt 
Ihritlen w^ the .pffeeeding spe^iinen, add 19 ov;l€ <fiflS[^rent 
posilkms indicated. The snAi of the last tix oboerved 
jljiftinffi n Jwriiitero^paal to the afc ratkoiied to 4ho end-df 



ifilft>te^r^^M{6n ^dative tot ffem, 4ii4nlidrllll^9n3 r>l;kontiJ 
to lb« cmk) of4lk6 bb6einrationo<^itti6 fiVst^ix^ Tbfeift^thodi 
is fMreferabId td th« olher fot- seveml r^KBOiis $ Ar6^ tif^: 
errors of the gvadoation, by t^icll tfio idJiilc-vnces'^sod in 
efich Cftlcutation iiiliy be affei^ftedy iyfll'bedlffercitt, aftd: 
ilMr^vriUbe no reason to fear tire influence )df ihe^nt^^tv* 
mum of th^se^rrovsf upon tbd mean lotigikiJ^ vrbich re^^ 
suits from the two calculations. Chi the Other hanid, as- 
t%e indexes had AiSe^teni positions upon the limb^ of the 
itttrament, if tbet-e be any smatl i^Yipierfecilobfr in itt 
CMfitrmge^ 0t in My other esieii|yil parlv of it» condtrod^* 
tiM^ the'ifiifOefi0eof these imperft 4ht«ons will newrhow 
ltd maximum ki^da allithe JoHgitudeg girm by the dlfi 
ferent calculations. 

Distances observed with a reflecting circle tiriU Hot be 
affected with the error that may^'t>e committed in observ- 
ing the point of divisipii which answers to tl^e index of 
the small mirror, wbeO the two mirrors are parallel to 
each other J they will be free firom the errors atismg ffrom 
t^ defeet of parallelism in the su'rfaoes of the cotoared 
glasses % and the error ariilAg from.' the wwit of pandielff 
km of the sarfeces. of the large mirror may, in a great 
meaMtre, be coprrectcd, The greatest errors that are Id 
be feiired are those of graduation, which bar^e teiHt 
talttcd at 6'' or 6", after six oi^servatim^ If dialfiof 
tilts qnaiitUyt hei added for ihc small mikiioww impei^feeo' 
timis to whieh' it ia impotable to »pptyr a »eiiwiy^/tt:m.ag^ 
. be cottcludfed, thiM; the rede^tiag tcirelo gjnreS' tlM*) disa 
liMoeB of the sun and mooa to aHl leaso 8^ of/d'^ if^ltiy^ 
9Ms siMil erpop ia combt»ed with the isieTit«ble wrMi 
tlMlt may be ooMMiitfed in bringing the bodies iatfti^e^id 
taet, ' md it te^utfe from Iheir tiniM AiattlHs ilistaudeii 'wilf 
bodMAioed wi^db^ m' t^ W' i^f^the^tpMl^^ Hend^^lt 
appears thsfl the reflecting circle gives the angles ^with^n 
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degree tt Beeamcf that leaves nothing to bedesired ; aad 
mariners cannot be too much induced to use an instru^ 
ment that possesses such great advantages over all others. 

When it is wished to ascertain the astronomical bear* 
iag of a terrestrial o ject with great precision , the dis** 
tance of the sun f om this o ject may be taken by six or 
eight observations ; but in common cases a doable dis*^ 
tance will be tufficicnt. 

The angular distance of terrestrial objects may equally 
be measured wiih a circle ; but unless these distances are 
ihtended for delica e o static s, it would be better to 
use a sextant. Even the most common octants have suf« 
ficient accuracy when it is only required to take bearingi 
for bydrographical charts. 



Reduction to the Centre of the Station^ 

Thb centre of the instrument ought to be placed, as 
often as possible, at the centre of the station, by which 
means the calculation of this reduction will be avoided, 
in Mfbich an error of one or two seconds may soraelimea 
be committed if the elements are not determined with a 
certain precision. 

It very frequently happens that the instrument cannot 
be placed at the centre of the station ; and this gener* 
ally takes place in towers and steeples, as most of them 
are embarrassed with carpentry, or have their centrea 
occupied by a vertical beam, or because, the openings are 
not conveniently disposed for directing the sights to the 
objects chosen for the vertices of the triangles, when the 
instrument is placed at the centre. In this case, the 
angle wants a correction, which QonsMts of the foUow^ 
ing;-r- 
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The observer shotld have placed the iiMtrttoieut at the 
point C^ the centre of tb^ statioti (Jig* 97) ; but he hat 
boon obliged to place it at 6, nvhere he hat obeerred the 
angle A OB: it is required to apply to this angle the 
necessary correction, in order to obtain the aogle A C B^ 
which shoald have been observed* 
; For the purpose of abridging the trOfk, let A C B r: C; 
AOB=0, OC=r, AC«D, BC-=G> BOCrrY, 
and consequently A O C =s(0 + Y). 

C=:AIB — CBO-,0 + OAC — CBO 

^Q^rsin.(OH-Y)~rsiiKY. j^ ^.j,, ^hat llus 

D G 

nacpreisionBBay.beia seconds, it must be mulliplied bj( 
the arc equal to radius, that is, by d?"" 17' 44". 8* or, 
which is the, same, divided by the sine of one second: 
thus th^ corrisction to be applied to the angle O 

l^ r sin.(0+Y) _ rsin Y , 
D. sin." 1" Gsin. 1'' 
D is the distimee of the object to the right, and G of 
that to the left* It is sufficient to know them to 

about r—part ; O C = r is obtained by the exact mea« 

sure from the centre of the instrument to the centre of 
the station, for this purpose, a point is marked on the 
top of the tube of the upper telescope, which should be 
in a perpendicular to the plane of the limb, ^supposed to 
be raised from the centre of the cirde. This point is 
used instead of the centre of the instrument, which 
the telescope covers. 

The angle BOC^Yistobe measured with the cir- 
cle. W hen the angle A O B has been measured, the 



• 5f*17'44''. 8=:2062«4''.8; log=:5.3144251. The radius la ths 
centesimal division =: 6SP. 66197 ;=: 636619^7 ; b^. S d. 8038801. 
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Upper 4el«soope i| dtfe^ed to t^ IttiieatB^ w 4he >feft,* 
anfl the low^r^;ie to^A: pnih^ tight t, th^ n^pdlr tele^ 
fOQpe U 4ten fm>vc{d ^cdordn^to! ti^-^fd^r of fliie Htu 
111919 unUI it poiflfts j[0 C I ihel space mhiahM will hmve 
p|iaae4 at^r: w (b^ Wwb, wilt be the miasMMtra .of tbe Mr 
gle BO.C. DuriDg this . ^peration^ tbe loitf er teIeM>tie 
9rI)o«|lft alir^y^ r^etmilA fixed iipoo the object oq tkei%fct ; 
/f1tdoe$* »)t^;tt -oiajt be; brought i(t it by tnpans of ibte 
cfr^m screw , and the liiperioi;- teleEscdpe ' directed : . a^sur 
to IhciceQtfe^- Thii sbauld beropeattdilivo or three 
tirpeS) and (he njeao of t^ ^results footalqeQ. 
*The distance OC is always too small to allow the 
Khimb Iki^y wbicbi isattSpeaded in tfe axi<5 of dieiatettaD) 
^ b^ peri^eiViod withih^tdeacope^ There shpuldiiierei 
lore 'he tvM remarkable points on tbe .upper part of the 
attpeHiQf> telescope; one towardsi each extremity^ ! which 
may serve to direct it to the plaiab Kne. These two 
points ought to coiacide with the direction of the optic 
azifi of the telescope. For this pitrpase, the ielestipe 
may be mounted with two small j9ol^i//^r, br sights^ 

The above forniula is general, and does not require 
the construction of any figure ; it will be sufficient to pay 
attention to the signs of tiie smes of (€) 4. -Y) .alid Y. 






t # • - 

• This supposes thaft the divisions of.lhe limb are numbered froni 
left to right Shoirid they ptocetd ia. a contrary dircctioij; the. angle 
AQCygreaicr than ia(f , h then mtasure^.. If this aaglrbd caiBeA Y\ 
we shall have Y=:360«-*O— Y'; and the ibrfnula will-becgme 
rsin.(O + 360P — O — Y' r sin.(3(5(f-~0 — Y') 



D 



or r «iP. (agy ^ Y^ r «i,>, (^Qf) ^ (6 ^^Yi . . . 

'.a :. €i:. :"T~"-~r' out s^n. 

(SaO* — T) = - «a- Y', and sin. (360^) — (O + y) = — sin. 
;0 + Y') 1' benca the formula hwxm^ rsin.CO + Y;) ^^ r sin. Y\ 

G 
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Tfius tbe fint term of the rednction will be pbsilire 
wlkBa the angle (O + Y) i» less than 180^ ; and it wiH 
become nc^atire y/hen (O + Y) exceeds 180^. 
'. The second term will be negative when the angle Y 
is less than 180° ;. and poultice when it is greater thaa 
ISO*. 

Application of the Formula to an Example. 

Let D = 4510 yards, G = 4730yds. r = 3.96 jdsj 
= 33* 58' 37". 43; Y = 232° 55'; (O + ¥)= 26e» 
53' 37".43. 

1 

Spttimien of CtueuUition. 

UtiHRH. «ndTEB¥. 

log. r = 5.96 yds 0.597695 

fcoiBp. log. sin. 1 " . . - .5.3144^5 

+ 5.912120 —5.918120 

Comp. log. 6.345824 log. sin. Y - 9.90187$ 

tog. sin. (O +t).. — ^.999 361 comp. logG 6.325139 
ii l80".«4. - - , . . . .2,257305 + I37".76...2.139131 

— 180" .g4 
Redaction — 43". 08 

ThnB 45".08 must be subtracted from the observed 
M^le. at the point O, in order to obtain the angle B c' A; 
It may happen that the torrection will bQ nothing ; and 
Alls will be the case when the point O is ritnated in the 
dtcfimftreikte of a circle passiirg throt^gh the three poinii 
©, A, and B j then we shall haye sin. (O + Y) : sin. 

The Mgt^ — k<^* b^^o given to the log. sio- of (O + Y) 
and of Y, because (O 4- Y) and Y both exceed ISff. 

The first part of the reduction will always be of tha 
fame fi^n as the sin. of (O 4* Y) 9 and the second will 
ba of a contrary «iga to the sine of Y# 

VOL* I. ^ * 
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If the operation were performed mth gradeii or deci«» 
inal degrees, the calculation should be made in the same 
manner ; but then it would be necessary to take instead 
of the log. sin. of 1" sexagesimal, that of I'^decimal, 
that is 4- 1961199, the ariihmetical complement of which 
is = 5.8038801. 

What has been said relative to the reduction to the 
centre of the station, supposes that O C and the angle 
BOCcanbe measured, which cannot be immediateljfr 
done when the centre C is occupied by a vertical beam. 
Delambre has given formulae for finding in that case the 
angle of direction and thedistanpe from the centre ; but 
the calculation, which .is very laborious, may almost 
always be avoided. An easy construction will give, with 
sufficient accuracy, the distance from the centre and a 
point in the direction of. that centre through which the 
telescope may be pointed. We cannot expect to ascer*: 
tain the elements for the reduction to the centre of the 
station with rigorous precision ; as, for this purposej it 
would be necessary to suspend a plumb line from the 
point to which the telescope is directed, which is some« 
times ten, fifteen, or twenty yards above the place where 
the instrument can be fixed. This is generally impos^i* 
ble, even supposing that the floors and interior oarpentry 
would admit the operation, as the aforesaid point is above 
the top of the building. It is therefore necessary to de« 
termine the place which is perpendicularly below the ppint 
to which the telescope was pointed, by ascertaining the 
centre of the interior of the edifice ; and it necessarily 
supposes great perfection in its construction not to appre- 
hend a difference of three or four inches between thq 
centre and this point. 

At all eventa, this difference is very slight, and appears 
to be much less than the error of observation^ parlicu^ 
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hitly idhe signals are at a certain distance ; it likewise 
proves that no great degree of precision is required in 
this install ce, and the following construction will be suf« 
fieiently accurate in almost all cases. 

Suppose that ABED (Jig. 38,) is a rectangular beam 
which occupies the centre of the station C, and O the cen- 
tre of the instrument ; we can neither measure O C, nor 
the angle of direction MOC, (IVf is the object to the 
left, 

From the point F^ the middle of the side A B, erect a 
perpendicular FG, making it = ^BE=:^AI>=: FC* 
Braw O G and O F j from any point H in O G, draw 
H K parallel to G F, and make I K = H I. The point 
K will be in the direction O C. 

: A plumb-line may therefore be suspended on the point 
K, »nd the angle M O K =: MOC be taken. 

If OK be produced to L^ andLG drawn, we shall 
have OL + LGnOL + LC = OC, the distance 
from the centre. Then in the above formula^ there will 
be known r and Y, with which the reduction to the centre 
may be calculated. 

This construction^ which may be made on a floori 
requires only a small string and a piece of chalk ; the 
point O may be determined by a plumb-line before the 
instrument is placed.^ 

The process will be the same for a square beam. 

If the beam be hexagonal, let A B D E F G (Jig. 39 J 
be its contour, O the centre of the instrument. From 
the points A and B, with the radius A B, describe the 
arcs I H and K L, which cut each other in X ; draw 
X Z to the middle of A B ; join O X and O Z ; from any 
point N of OX, draw NQ parallel to X Z ; make PQ 
z= N P : the point Q will be in the dire^ion O C ; the 
angle M O Q s: MOC may then be measured. Pro* 
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long O Q an^ A B aatU they meet in V ; join QTL ; tfiid 
youwillhaveOV + VX = OV + VC=:OC. 

If the beam be octagonal, the qoadilat^al A B E El 
(Jig. 40) may be conrtrncted, and the other part of Uit 
operation yfiU be the sapae as (u^ the xectangnlar beam. 

Lastly, if the beam be cylindrical, let ADBE (jig. 4rl) 
be its circumference. The angles M O A and MOB, 
which lines drawn from the same point O as tangents tn^ 
the cylinder, make with the object to the left, may hfi 
taken with the Repeating circle ; aiid half thb sunl of 
these tw« angles will give the an^e of direction MO C« 

In or^r to oUain O (3, let Q I> be drawn «qiial to the 
diortest distance fmnx the point O tqthe beam ; and fot 
D C, the cylinder is to he enconipassed with a string, 
which must be meamued to have the earcmnlbsence ; 
then, from the logaritibm of the number of paits wUck 
ttcontains^ subtract the oonstantlog* Q.7i8||B18; the ie« 
mainder will b^ the logarithm <;i£ the number of parlr in 
nC; 0.79818 is the logarithm of the .ratio of tike «i|W; 
cnmference to the radius. 

Suppose, for example, that the circumference of the. 
cylinder had been found eiqpial to46 inches* 

Log. 4C... 1.66276 

Constant log. ... , 0.79818 

0.86458 = T3212 in. ^ PC. 

It may still happen that some obstacle will prevent the 
oenti^e from being seen from the place where the instni* 
meat is fixed ; let the observer be a( O (Jig* 4S) tond 
suppose that an obstacle prevents him from seeing the 
centre C ; in this case^ a point B should be chosen, ftona 
which both O and C can be seen ; and a/fer taking, the 
angle B O C either wiOi the circle o% with any ofiier. in^ 
stmment, B.C and B Q must be measured^ then O G* it 
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t0.l^ p(i)(!i«]Atc;d| HI well a« the angl^ B O P, which^ beitig 
^ddedtq the apgle BOM taken with the qir«^».Mrill 
giKe i}^e angle of directioo M O C* TbU metbqd wiU 
1^ particu^laflj applicable when we are obliged tq ob- 
serve frqm a gallery witbaut au edifice. 
, Sfucb fire |if$arly all the difficulties that cap be met 
with. All cannot be foreseen; different eicpedieiits must 
b^ devised for different cirpumstancesy which skill and 
e^^rience will readily discover. Wbeq opepiags suitf 
able to our purppses can be made in steeples ai^d towers^ 
the operations may lie performed With mor^ ease wi 
accuracy. 

Whenever th^ instrument cannot be placed at tbfi 
cm\tre of the station) in order to make an observation^ it 
n^nst b^ so ^spose^s if it caa b^ done^ that all the object 
pf which the angular distances are required can be s(»en^ 
^t once. There will then be qiily a single distance ffom^ 
t^is centre to measure, and only one anslo of dir^ctiQd 
to take ; th^ others will be obtained by the soccessivt 
additions of this angle to the' observed angles. If the 
apgle of direction BOO (fig. 4S) has been observed^ 
weshallhaveAOC = AOB + BOCf EOC, greater 
than 180* =:AO£-i-AOB + BOG, &c.^ 

The observed angles are generally in a plane inclined 
to the horicon of the observer; in this case, they require 
lo be reduced) so that the triangles may be, as it were, 
projected on a prolongation of the surface of the sea,^ or 
on a plane parallel to it* 

V The elements of this reduction are the zenith distances 
of the two signals and the observed angle. The use of 
the repeating' circle) in taking zenith ^istances^ h^ al". 
ready beea explain^. 
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Being at O (fg. 44;, the angle GOD, between tb# 
two objects 6 and D, has been observed in a plane io-i^ 
dined to the horizon at O ; this angle ought to be re* 
dttced to P O Q, formed by the lines O P and O Q, 
which are the intersections of the horizontal plane of the 
observer with the planes drawn through O G and ODto 
the centre of the earth. 

If dt the point O the perpendicular O 2i be erected, 
and with any radius O Z the arcs dZ^gZy andg^be 
described, we shall have a spherical triangle Zd gy ia 
which the three sides^ ate knowA, viz. the apparent zenith 
distances dZandg Z, which, have been observed, andt 
gd zz the arc subtending the observed aiigle. Let this 
angle be denoted by A> and the same angle, when re* 
duced to the horu^pn, by a ; call H and h the heights A d 
and B g^ of the two signals above the horii^on of the db« 
8erver,(whicl| are the complements of the zenith distances;) 
then* we shall have, by supposing the radius =: 1^ cos. 
A = COS. a cos.H cos. h -^ sin. H sin. k ; or 

^^^ ^ ^^' A + sin. H sin. A r.^ i- u w • 

COS. a =2 '. — — — ^ — .-«^- — p irom which we obtam 

cos« H COS. fi 

»n.i« = / pin-KA+H-A)8in.4r(A-H+A) N 
^ V cos. H COS. A . y* 

These tyro formulae give the reduced angle, which is 
always considerable, and indispensably requires to be 
calcul9.ted with great accuracy ; but it is generally pre-* 
ferable to ascertain the reduction^ which is always very 
small. 

Let A + i? =£1, we shall liave cos, A = cos* A cos. x 
COS. H cos. A — sin* A sin. x cos. H cos. k + sin. H sin. A; 
from which 

>in. * - cot. A COS. x = "'"• " "° * - <^»"\ , 

sm. A cos* U cos. A ' 
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tndjMiuu? «f Ssin/.^^ cot A = •••^*, ..•••. 

tang, i A sin-^ i (H + A) — cot. ^ A sin.* ^(H^ A) 

COS. H COS. h 
For the. sake of abridging the exprc'ssion, let the nu«t 
merator of the second member be denoted hy n^ ive shall 
have. 

sin. 07 + S sin.^-l^ a: cot. A :x n sec* H sec. h^ and 
Ssin. ^ a? cos, ^ a; zz n sec, H sec. h '— 8 sit), i x 
cot. A ; froip >vhichy after squaring, vre have sin^. i x — ' 
•in.* A (1 + ncot. A. sec. H sec. A) sin*. -^ x = — ^ «* 
sin.* A sect.* H sec* A. 
. Representing this equation for the purpose of abridge 
ing it, by sin/^ ,j? — p sin.* ^ x zz — i j*; we shall 
bave 

p \ p* p* / 



and sin. i x=i J^ +-i-^?-J and 

Pi Pi ^ 

S sin. i xzzJL+ 8iLrz chord a? : but 

Pi Pi 

* = cbord x + fs (chord xy = -2-+ ^+-^« 

jPi Pt FS ' 

So that by substituting the values of p and j^ in this 
expression, developing as far as n^^ and reducing 

s zz n sec. H sec. A — ^ (n sec. H sec. A)* -: — ^ + 

sin» " 

« • - ' - 

\ 81I1« X / 

7be first term -will generally be sufficient, and the se- 
cond always. In all cases i9e may see how easy it }sto 
unite the last two terms in a table^ which must be twice 
entered* 



' l%e quantity n a img. i A An\ i (H H- ft) ~ cot. i A 
sin\i(H — ft), is ealculated by means of Itro tables nf 
easy use. The first gives for each value of (H + A) .and 
(fit — A), for every minute, the quantity 10000 sin*, i 
(H + h); the second gives for each yalu^ of A, for eyery 
ten minutes, the quantities O'^.OOOl taiig. -^ A, tffid 
6".000]. cort. I A. Table III gites the factor seC. H 
sec. hy ivhich in geodesic operations di€^rs Very litlU 
froift unity ; the arguments in it are- H and A. Table 1 V^ 
gives the sum of the two following terms; the arguments 
in it are (n sec. H sec. A), and the angle A. The^e tables 
for the reductions -will be found at the end of this to- 
lume^ calculated according to the sexagesimal system* 

EXAMPLE, A 

Let the observed angle A be 6P 9^ S7" J of the <dd 
division of the circle, and the apparent zenith distances 
of the two objects, 9P 95' 51" and 9r 32'45"; let it be 
remembered also, that the quantities previously denoted, 
by H ^thd A, are the complements of the zenitli distances* 

Let the two zenith distances, which are the respective 
complements H and A, be denoted] by I) and cf. If D of 
and d are both greater than 90'', H and A will be (D-r* 
9), (and d — 90^) i (H + h) will be = (D+ d) — 180% 
and (H— A) will be =: (D — d). 

If D a^d d are both less than 90% then H and A will.be 
(IK^—D) mdiOV^d); (H + A) = 180^-(D;+ d),and 
(H — A)=:(D— iO. 

Lastly, if D is greater and d less than 90", H will 
be = (D — 90") ai^d * - ^90*— d); (H + A) becoAics 
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This premised, 

91* 25' 51" 
and 91 38 45 H =: !• 38' 45" 

. (H +.A) = S* 58' 36 A = 1* 85 51 

(H — *)= 6' 54 

<H -f h) Ist. table + 6. 746 (H — ft) Ist. table + 0. 010 

Tan^. A Snd. tab. + 12. 19 Cot. A Sad table — 84.«» 

C0714 — 3489' 

6746 4-88.8 337 

13493 n =a -h 81 .8813' 

6746 



+ 88.83374 

The first part of the redaction is always addttif e, anifl 

the second sabtractive. In order to obtain this reduction 

nioTc^ accurately, maltiply it by (sec. H sec. h) ; table 

111. with H and h gives for this factor l.OOOT. 

«= 8I".8848 

Sec H sec. h ..^. 1. 0007 
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n (sec. H sec. A)..81.MS16^ 
Lastly^ if re|rard be had. to the last two terms of tie 
forroula, /table 1V« must be used, which is calculftted 
upon the supposition, that (usee. H sec. A) is 100''. 

With the observed angle 61* 9V we fijid in table IV 
the correction -^ 0'^ 013 1 this is what it would be neces* 
sary to subtract if (ft sec. H sec. A> were 100' ; but, m 
that quantity is only SS**% the correctiou -* 0^^ 013 must 

be multiplied by ( -^ ) *= 0.67»4, and — 0".0I3 x 0.67 

= — 0^'^9. 

(« see. H sec* A> + 8t".«» 

— 0, 09 

+ 8l".9S=: V 9\''.9S 

Observed angle * . - .6 1 • 9' 87''. 3 
Reduction I' SI. 93 

Angle redirced to the horiaeon 61* lO 49' .S3* 

Thus ii appears, that n would have sufficed, and ¥fe 

TOL« 1* M 



may always confine ourselves to n when the redaction 
is a small number of seconds, and the zenith distances do 
not differ much from 9(y. 

The following operatida gives the solatibn of the 
spherical triangle by the exact formula, 
. , Jf i\n.±t_A + (H - A)>in. x f A— (H - h) ] \ 

bjr etiiplpyihg the same given quantities as above, so that 
the two methods may be compared, when it |s thought 

proper. 

H r S3' 46' 

k ,„ .hjg5 51 

(H — A) . .(y. 6' 54" 

A 2z 61' 9' 27 ".8 A = 6P 9' 27 '.3 

(ja^ h)O ar 64** (H — A.) 6^ 54 

A + (H — A)zz6r 16'2I'^3 A-(H— A) =61"2'33''.3 

iA+ (H— A)=SO» 88' 10^65 iA— (M-A)=:30» 31' 16".65 

Comp. log. c6(i. H.«^. 0.0001681 

Corap. fog. cds« A . ^ . 0.001350 

lini^- sin* :l(;a^(H-uA)J,* 9,7072179 

Log, sib.^ [A-^(H-A)]. , 9.7057427 

IiOfe;.4iii. H^ ^*... 19.4^138541 

hog.m..^n .. 9.7066S705ti:30' 35' 24^59. 

Tberefoile «, the reduced horizontal angles r: 6V W 

49". 18. This is within about 0. 05 erf* a second of the 

angle found above^ If \ unity be added to the 8th figure 

o^ the log. sin. i Cy it will give ekactly 6P 10' 49". 23 ; 

but the log. sines in the con^mon tables are only correct 

to about ^ a unit in the 7%h figure ; from which we may 

concludci that tables which give more than 7 figures 

ahouldbe used, Inotdeir to answer the reduction to 0.01 of 

A second ; an accuracy ^hich the approximating formula 

gives, and which mi^ be more commodiously obtained 

liyite mcftus, by employing it however, in the cases 



Mtfcferc H ^nd A do not e^^oeed 3? pr 4% Jf H 5; i5», tliea- 
U — h zzO, and the .formula sia ^ a 

= y («'"'irA + (H — /r)}8in. V'[A — (H-A)J y 
Vf COS. H. coil At ' ./ 

sill *^ A. • 
becomes sin, -J a == — ^-^7- ' w, in (heapproximatinfi^ for- 

mula, becomes tang* A sin^. \XH + A),, a^ncl the correc- 
tion will only have a ftinglc pact, 

h 

C4>n'ectionfor the Eccentricity of the lower Tefe/icope. ^ 

In the repeating circles, the axis of the iiifeaor tdet* 
€Qp^40i^mi pasft tb|<>ttg]^ ti^ ^nU^, pf tii^ inalmmi^iit ; 
this construction causes ,the observed angle to reqi\^re a 
correction. ; . . ^ ' ; . .' ' ^ 

On begini^in^ to observe ^n aqgle ^ C B ^g. 45,) the 
uppier tdescope is brought to the object A (*), to the right^ 
in the.direction G A. If tl^e lower te)escppe were con- 
centric and brought into the direction CB, the inter* 
eijpted arc of th^ iin^b^^^piild giy« th^ f^jfj^l^ «PJ^fi»t ; bjujL 
because of the eccentricity C D, the lower telescope, 
wbio^i i$ fixed ^t D, takps t^o d^r^tion; D B, ^ 

Therefore, when the lower telescope is next directed 
to the object A, the pbiht D, by the motion of the iti* 
strument on its piVot, is transferred to E, and the teles- 
cope itself takes the di^i'c^ction A £ ; so that the motion im- 
parted to the instrument is equal to the atigie D C £,' anti 
not to the angle A C Bs ' ■ 

'Now,DCE =ACE — ACD = ACB— (BCD-i. 
BCA) = ACE — BG D + BOA = (90»-A)— (gO** 



» 



(*) This supposes thai the divisions of the iqstru^nent arc num- 
bered from left to light. 
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~B) +BGA = 90*— A — Of + B +'BC'A ip BCA 

D 1 o^» . CD CB. ' 
+ B-A=BCA+^;^^, 

for, the angles A and B bcin/; very small, their sines may 
betubstituteil for thearcs;, tjierefor^, the upper telf$j»r 
cope is removed to the right, beyond the angle A CB, by 

a quantity 5: BC A + ^J^^ifi!. 

Hence, in order to bring it to B, it must b<) made to 
describe ACB + SS — £^ + ACB= £ACB + 

__ . % i . i 4 * T . ' » : 

CO CE 

CB"~ Cl* •■':'.'•••■ • .■::•<. ' 

>Conseqtteirtiy,'whi6faipetftkfe|ialf the arc iiieasuM;«l,<m 

• • ■ 1: ■ . 'CD • CB • '■»■■■ 

the lirtb, we obtain A C B + ^^rg — g^g-j == i ,{:».« 

measured) ; henc^ A C B =: 4 (aire measured) -f ^tttt — 

^" ■.•.'.,'• ss.Ut^j' 't 

CD ' ^ •• ' ' -li f 

^^-g J and therefore, in order to have the angle ACB, 

to half the iheasared angle must be added t . '^'>^?faf 

»«- '^ ■ 2- ; &and G are the respective distan* 

.ces of the objjscts on the right and left, ..,,': 

In the figure, the eccentricity is to the right ; if it had 
been to the left, it would have been negative^ and the cor- 
rection would have had contrary signs. 

Ingeneral> the correction. is eq^ial to half the ecoen- 
Iricifyy reduced into seconds, and divided by the dis- 
. lance of the object which is on the same side with it, 
anions half the eccentricity^, divided by the distance of 
the object which is on the other side with respect to the 
eccentric jt^ksoope. 
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. I^he^ e&entri^tjt varies according to tl^e dimensions of 
Ihe circles and the dianietcr of the telescopes ; it would 
be easy tbtdna a tilble for this corrciction,' yflihn the cccen* 
tricity of the iostrament has been measured. In the 
'conltrtfAl^<»f this table; the ecc4-nftricity must be ex- 
pressed in' the 'same unit as is used for the sides of the 
triangles. 

Suppose- fhte sicfes of the tfiangldb to be calculated in 
fatliomS} ^nd thaltht ecccajncitj is 1| in(;h ; i the ec- 



i inch _ 



— -V 



ij. If the 



ceaCricity =: iofaninch, and — 

angles are measured in sexagesimal de^recs^ we shall have 
57* if» 14*' ft 



< ^ • • 

I • « 
• ,• 1 • • • 



^ i J ' 



m 

Thus, the formula will be — jj g — , if the 

eccentricity is,to the right. It would be easy to calcu- 
late the correction for diiFefcnt distancesy which'might be 
!m^oito\:u^i9^9p fof every jqOO Hfjojps pr Qthec, wca- 
.^^^•.. v^hepy-wit^. the ^^ta.^ to i^f^.r\ghty an additive 
<(^Nrrc9cJtioiiif tj3i be tal^en,firyqi,tb& ta^le^ and a subtraQ- 
«liv^ oner with X|ic^dtstanof to tbe left ; tl^e differencQ of 
4ke9C,twoco|urection8 i^ill be the quaiitity which roust be 
added to, or subtracted frori^ the observed, angle for the 
eccentricity, if th^, ecQcatricify were on t^c left, the 
Additive correction mi^st .be tMKex^* with the distance to 
the left, and tke subtractiyp. xx^rr.e^tion with the distance 
tolheri^bt. r . c ,/ 

B^t^. suppose that the sides of the triangles are express* 
e4^n metres, and the angles, in grades or decimal degrees t 
^hen^ let tJie eccentricity =? 2 centimetres, i the eccen- 

0'".01 
. IricMya: 1 cehtimeire, and ' ^ ' ■ =:0.0l metre; thera- 

• ■ 
dius = ey.caigT, ana G3G619 .7 y O.OI = 6366".2. 



Thus the formu!a becomes ^?^Il?'-^ «|«^. fy^ n^^ 

: : u 'I • Lf. 

eec^Dtrioitj to the nghtt A lai^lf mig^t 4)^0 ^ ^cuUf 
ted of thi9 fofeveiy (OPPmetiieai. 

JUlttly^ tf, in preserving thef^i^figcff^iq^.^fgicfeif fof 
the measare of t]i(| Hngl^^^^ tiie sides of tine tir^gl||^ ;Mrf!^ 
expressed in metres, we should have, still suppqsiQgr.tt^f 
eccentricity =: 2 criOifoetreS) $7' ^17' M^'.^ ^r^^'.S 

^ 0.01 = «)62".65 ; and the fimnuTa Wonld be ^^^ 

-— — ^r-^ — fo*" the eccentricity to the right. If D =: G, 

the correction will be nothing. Therefore^ the effect of 
the eccentricity on the three angles of a triangle is redu- 
ced to nothing* 



Reduction to the Axis of the observed Signal, 

Signals of which the points are not well defined 
ought, as much as^ssible,* to be avoidett. - Sneh are 
round, square,' and rectangular towers, A^^ ' #hich * ^re 
not surmounted wltit spires. The telescope can only be 
directed to the estiniated axis df these slgilah, aind thb 
error of the observation m^y Come to several seconds ; 
they are aho inconvenient from being frequently illumi- 
nated obliquely by the sun : in that case, when we think 
we are pointing to the middle of the signal; we point oiily 
to the middle of the enlightened part. 

For example, let abed (fig.4S) be the signal. If, 
on account of the distance, we could see ouly the illumi- 
nated face a b, the point A has been observed instead of 
the point M, the centre of the signal ; and the observol 
^ngle wants a correction equal to the angle A O M ; nay» 
It is not strictly true, that by directing the telescope to 
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tke middle of (he face A B (Jig. 417^) we are pointing it 
to E. In foot, tlie line A B, seen from the point O, ap- 
pears to the eye to a^ree with the line A C, perpeudiciilar 
to O F| which bisects the angle A O B ; thns the visaat 
rajr is directed to the point F, the middle of A C, and 
coil8lii|ttent!y to the point D, and not to the point E, as 
it ought to be : the ertordn the observed angle is equal to 
the angle DOE. 

CallAB, F; ADO, a; AOsOE, D; AOB, b% 
FFisparalleltoOB; thasDF£=:DOBt= Jft: be- 
cause the triangle ABC msy be considered as right an* 
gled^FE siFcoB.ii. 

We have D : i F cos. a : : i i : a? =z ' * J the 

, , AC ABsin. «... ^ 

•"«^''*= AO^STP = ApIiSn^'J therefore :r = 

F\ sin, g. COS. a 
4D'R8iB. i' • 

If the second object is to the left of the observer, the 
cOrredtioB will be additive whenever the anglp A D F is 
less than 90^; at 90" the correction is nothing; andwhea 
the ai^le exceeds 90^, it will be subtractive. If the se- 
cond object is on 4he rigiit^ the correction will be con- 
trary to the pitceding. 

It follows from this, that unless the visnal ray be per- 
pefidicalar to one of the faces of a square, hexagonal, or 
Odtegosal tignal, it will not bo directed to the axis of the 
stgluil ; indeed, the correction whiph gives only one or 
two hundredths of a second may always be neglected. 
Let us return to that which depends on the sun. 

If from £he point O (Jig. 46,) bnly the face a b can be 
i^n, the correctieb h eqaal to the angle A O M ; now, 

AOM=i ^y^^:'^^^ ; if the face be only couW 
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-• ii i- 1^ t. fii^n* BMsin.HMO 

be seen, tlie; correction wottld be B O M — — tttz^- — rr- • 

BO sin.. I" 

IflhesigTial be a roimtl tower, the correction if ill be a 

little more troublesome to calculate. Th^ foHowing is 

the mrethod z— . • 

An o.l^eervei' placed at O (fig. 48,^ at aconVenv^db-* 
tance from the tower A D B S» can ^ec that tourer only 
when it is illuminated bj the sun, and eyen then ho sees 
oqIj the ijnligft tellect part ; and if het take the middle of 
this part fw[ the ax\» of the tower,- he commits an error 
the qnantitj of which it is required to.determine. 

Let CS be the direction of th^sun at the time of ol>« 
servatton^ MS will be the azimuth reckoned from the 
south: make MS == s;, the semi-circle A SB will be 
illunrinateil. Let O C how be the visual ray of the ob- 
server ; make M C O zz M Q =: j?, . and draw D£ per- 
])cndicuKrto OC, 

The semi-circle D A Q E is (hat which faces the obser- 
ver; but as the part AD is not illuminated, f|^e part 
A Q S M £! only can be seen : let fall A F perpendici^Iar 
to D E, E F will be the orthographic projection of the 
visible arc, aiifd this arc consequently appears like the 
right line F E, which is less than the diameter by the 
quantity D F z= C D 2 sin\ i A D = 3C Dsifi*. iQS = 
fCDsin\i(MQ — MS)=i 2CD8in\i(j? — 2). . 

The error of observation will therefore be ezibit- 
ed by CDsin*. -^(0? — »)• In order to express this 
quantity in Seconds, it must be divided by O C sin. 1" ; 
thus, making OC =.D, CD = r^ we . shall have 

rsm. i^c — ^ — ^^^ ^^^ required correction. 
D sm. 1 ' ^ 

' If the sun and the object to which we compare. tb« 

tower are on the same.sid^,, (fie correction is additive ; 

but if they are on different sides itis s«btractive. 
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If JT is greater than z^ the sun ^illbe op the right of the 
observer. Knowing the latitude of the place and the 
time of observation, J7 and sf may be calculated ; but, as 
great precision in this case is not required, it will be suf-^ 
filcient to remark, that (a? — 2)=QS, is (he supplement 
of the azimuth observed at the point O, between the sun 
and the signal. 

If the.sun can be i$een from the point O, the instru- 
ment is to "be placed in a vertical position; the upper 
telescope is to be directed to the signal, and the num- 
ber of degrees observed which the index marks on the 
azimuthal circle : the same telescope is then to be brought 
towards the sun, by turning the whole instrument on its. 
column according to the order of the divisions. The arc 
passed over on the aztmuthal circle will be the angle 
COP, the supplement of Q C S. If this angle is less 
than 180% the sun will be to the left of the observer ; if 
it be greater, the sun willbe op his right.* 

Since the sun has advanced during the time of taking 
the angle, it will be more accurate to have the azimuth 
for the middle of the observation ; for this purpose, an 
azimuth may be taken before commencing the jobservation, 
and another after it is finished : half the sum of the two 
will give the azimuth for Nthe middle ; this azimuth Will 
then agree with the measured angle, which, on account 
of the motion of the sun .during the time of the observation, 
has increased or diminished in an equidifierent progres- 
sion. 

EXAMPLB. 

Let an azimuth taken before the observation 
be .- S17' 15' 



^ This supposes Ihat the divisiqas on the azimuthal eircla are 
ceckoaed from left to right. 

VOL. I. K 



Afeianitti fbt t&e middt^of fhe dbftiervatKni. a. i. SIS" 40' 

(Jb-^s) ^ — 180° 

^r4oT 

' ' AUo^ let f^tzS.Ot'yftrcIs 

D3:i0728ydrd« 
Leg. r..... Aii-w^r: p.4@l€0 
jL<^.sm^^(tr — $)= 
, Log. siiiM€' 80' =18-89640 
€Dtaip. log. D 4 * . . s ^.96948 
Gomp. log. isiB. V 3= 5.81448 

30.60860s=4"*0l 
Thus the oonredtioa i^ 4".01 ; it will be add'iliy'^ if ikp 
object wHh wbith Ihe tower is cimptned is to t^e rigbt ^ 
and subtract! Ve, if it be to ike left* 

If tlie siin could not be seen from the point O {fig, 49) 
a plmnb-iine «>&y be mspended at A, th^ sbadow of which 
williaU in the direction A B, aild «hoCikl t^e sufficiently 
prolonged to 'meet € O protjficdd ia B ; tllen> after raea- 
tmmg A B^ O B, aUd the angle A O B, tbe aii(gle A B O^ 
ike teqntred azimuth^ may be oiklcfulat^d^. 

'Greater preclstoQ t^n this subject woldd be superfluous. 
Fclrmnlae migiit be given for -the oases t>f hexagonal^ oc« 
ii^onal towers, &e. ; but these inVesligatioos are Unne- 
cessary, as occasions seldom occur in which it wot|kl be 
required to have recourse to tbem. 

- / . • 

Spherical Eacessm 
Afteb tbe observed angles have been reduced to tbe 
eeidare of ihe atatioii, and to the homon, and conrodtisd for 
the eccentricity of the lower telescope, as w%Il as for the 
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phase of the signal, if necessary, these angles are really 
the spherical angles comprised betireea the sides of the 
triangles', projected upon the surface of the sea, or upon ^ 
a plane parallel to it. 

In this state, the sum of the three angles of a triaqgle 
ought to exceed two right angles, by a quantity equal to- 
the surface of the triangle, reduced into seconds, by the- 
known property of the area of spherical triangles; but 
there is generally a difference of some seconds between 
Irhe som of the three observed angles and the sum of the* 
three angles of the spherical triangle; and this differ* 
ence is properly the error of observatioh. 
' It is not long.since, in geodesic operations^ any regard 
was paifi to' the .spherical excess of the three angles of a 
triangle ; this excess was confounded with the errgr of 
observation, which alwaj^s wa» rathier great, as the imper* 
febtion of /instrumeats. did not permit angles to be mea* 
sured with that accuracy which is now attained. When 
the sum of the three observed angles wais Jiot equal to 
two ri^ht angles, a third of the difference was applied to 
each angle as acQitection ; and then the calculation was 
made as for. plane triangles. This agrees with Legen* 
dre's theorem, given in ihe following page. 

The triangles formed ou the surface of, the ground 
might therefore be treated as spherical triangles in cal« 
culating their sides ; from the surface of a triangle we 
should coaol|ide the excess^of the three angles above two 
right angles ; then make the three observed angles equal 
to two right angles plus this excess ; and with these new 
angles the sides of the spherical triangles should be dal- 
culated'bythe known formate; but} because triangles on 
the grouodi which are the swbjects of consideration in 
geodesic operationsy differ very little from plane trian* 
gles, their sides beii^g v^y soiaH with respect to the ra- 
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dins of the sphere, it has been suggested that (he calcn^ 
laiion of the sides might be simplified, and fhe spherical, 
trianj^les be brought to plane triangles, the solution o€ 
-which is less troublesoroe. This has been done, and tw» 
of the methods shall be explained, <whicb may be com- 
pared together at pleasure. One of them is an appltca* 
tion of a fine theorem of Legendre, the annunciation of 
iirhich is : — i/, from each angle of a spherical triangle^ 
the sides of which are very small with respect to ihe ra^m 
dius of the sphere^ there, be subtracted a third of the ej?- 
C€ss of the three angles above two right angles^ the oH'* 
gles thus diwinisJked may be taken for the angfes of €§ 
plane triangle^ the sides of which are equtU in length to 
those of the proposed spherical triangle. It is, there* 
£cNre| necessary to know the excess of Ure sum of the three 
angles of the spherical triangle above two right angles* In 
order to obtain this, the surface of the triangle must bd 
calculated a priori^ by considering il as « plane triangle ; 
this will give it i^ least with sufficient accuracy^ 

It we have two sides, b and e with the contained angle 
A, the surface will be S z: i A e sin. A. If ^e have one 
side «, and the two adjacent angles B and C, the surfiice 

•11 L o *• a.^i'J* B *iu» C ,^ ,, , . , 
will be » = -Ja* -: — TuT-r-T^* ^ the spherical excess - 

sin.(B-f C) * 

be denoted by e, we shall then have e =; ~ .R ; r bein^ 

the radius of the earth which should be expressed in the 
same units as the sides of the triangle; R is the number 
of seconds comprised in the radius; therefore e will be 
expressed in i^conds. 

Thus, in order to flrav« the spherical excess in seconds, 
to the logarithm of the surface of the triangle must be 
added (log. R.-^91dg.r), which is a constant quantity* 
If fhe sides of the triahgles aie expressed in yards^ aod 
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tbe angles according to the old division of th« circle^ the 
log* of r will be = 6» 84S64, and log. R = 5.S1443, then 
the (log. R -- S log. r) = 1 .69915 — 10, whicb must be 
add^d to the logarilhm of the surface of the triangle, to 
^taiii the logarithm of the spherical excess in seconds* 

Bat if the sides of the triangles are given in metres, 
and the centesimal division of the cfrcle is employed 
for the angles, ^ shall have the log. of r= 6Jd03S8, and 
lag. A 12 5.S0S88; from which (log. R — 2 log. r) r: 
«.lfl618~l0. 

- ijastly, if the metre be employed for expressing the 
aides oi thetriaiigles, and the sexagesimal division of the 
circle wed for the angles, il will be necessary to add to 
the logarithm of the surfiice of the triangle the constant 
logarilhm, 1 .70667 — 10. 

' Suppose, for example, tiiat w^ had the two sides a aad 
4- expressed in yards, and the contained angle C given. 

viz C=10y 19' W. . 

Log*fl!s: 4^17733 
log. 6 =; 4.850510 
W^ should have for the calculation of the quantity 
^ab sin. C, which expresses the area of the triangle, 

log. « ^..4.917733 

log. 6. 4.850510 

Log. sin. C 9.98813* 

Comp. log. 2> - , ,9.698970 

9.45584& 
Constant log* ~ 9.689144 
. ^ 1.0M49S^18M& 

Thus the q>hefical eitcess amounts to 18'M5, because the 
the Mdes ol the trkngle are. very great: this excess 
seldom exceeds &*\ in geodesic operations. 

The three observed angles of the triangle ought to ex- 
ceed twoTight angles by IS^'id ; what is wanting will be 
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the- error of observation. The preeeding calculation » 
not necessary for finding the sides of the triangles ; it is 
useful oiUy for making known the error of observation in 
the angles^ and for bringing them to their true valu;, by 
appfying a third of this error to each angle, in order to 
render their sum equal to two right aaglesi plus the sphe- 
rical excess. 

We may satisfy ourselves incalculating triangles, with 
distributing the excess ojr the difference between JSO^and 
the three observed angles, by thirds, in ordcn that the sum 
of the observed angles majr become equal to two right an* 
gles ; unless, some pajrticular rdason induce, the observer 
to make some othes diatr ihmlipn, depending upon the 
greater, or less relta&te ha baa upon the accuracy of 
any particular angle. : . . : , 

The tbfee angles thus reduced' to 180%. arp those that 
arp to be employed in calculating .ihe sidcfiof the triaiif- 
glcs, considered as qUh^ triaiigles. . . 

Delaqibrc's method consiAs lit reducing the horizontal 
angles comprised betweeii the objects, to the angles com« 
prised between the chords^ which subtend the temestrial 
arcs; by this means the spherical triangle will be redu- 
ced to a plane triangle, formed by.rjgbtlinei supposed to 
join .the feet of the three siguals> pjojected on the surface 
of the sea produced^ 

For the purpose of bringing the spherical angle com- 
prised between two terrestrial objects, to the angle of the 
chords, it may be supposed that it is required to bring the 
'diiglG reduced io the borizon. to another plane, the situa- 
tion of which is determined . by the length of the arcs 
which contain the aqgle. in &ct; these- arcs are the 
measures of the angles of de|)re8Ston between the plane 
of the horizontal angles and. the plane of the chords; 
for, the angle comprised between a chord and its tangent, 
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is nuenmred by hklt the arc of that chord : Iience, this 
^rorblem » the reir^rtf^ of Uiat for tti^ reduction to the 
liorizan* The same formula may therefore bo used^ bj 
thuagiag ihk s1^ns of the tables. 

The arcs of the great circles, Incl^ditij the angle^ ouist 
be expressed in minutes ; f^r this contt»$ion the follow- 
ing formula may be emplo3red, 

V ft«tn. 1^ h. 
iin which K is a side of th^ ttiattgle expressed ttt llnowa 
n^eaM^reis ; cis the ^Hipticity of 4he earth ; L the hftiw 
tilde i Rthe edualotial radius in the same measures as K« 
This quantity is the imgle formed by the norma) drawn 
from onfi eiLlremity of the arc, and the right line drawn 
from the other ektremRy to the poiht* where tb^ normal 
meets the axis. This angle differs very little from the 
terrestrial arc. For the regions tSomt |l5^idegrees of la* 
Hiiltrde^ ibe-folhrwing foTfnula may be used ; 

IN^hen the two terrestrial arcs have been determined, 
jtheir halves are to be taken, und called P and i2 ; the isum 
of these halves ^U be (P -f Q), and the difference 
(P^ — Q). Wit!b these numbers the two fattors are to be 
fought in the first tab!e, with the angtei reduced to the 
b^rii^cm. Tht t«Dgent And colaligelit' numbers may be 
IMXight in'TaMfc n. The sign— 4« tb be ^iven to the 
tengent, and the sign + to the cotangent, 

EXAMPLE. 

Let it be proposed to reduce t'he lioi^riontftl ungle 
6>P 10' 49" .3 WW prised between iflie two si4BSY)f 18687 
and 22271 English yards, in the latitude 49" iO\ 4o Hie 
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angte of the chords. These sides being respectively 
denoted by k andK, the corresponding ares may be 

expressed in minutes by the formula K ^ L ^.^ '^, j , 

The factor —vr-r — rr — must first be calculated, amJ 

Rsin. 1' 

then may be denoted by M. 
Log. sin*.L= I9.7599g6» 

log. e- =—5.7766389 

h^.Q.5....= — 1.698970 

Log. iC 8in\ L =— 3.2356297=nomber 0-0017S 

1-4 €\ sin\L=0.^982S 
Log. (1 — i e* sin*. L) =— 1.999?524 
Comp. log. sin. J' = 3.5362793 
Comp. log. R in £ng. yds.s 3.1567060 

6.6932377 =: log. M. 
Then vre shall have 

Log. M 6.6922377 Log. M ......6.6922377 , 

log. *= 18687 .. 4.2715 396 log. K =22271.. A 3477397 

0.9637773=9'.20 1.0399774 

=I0'.96^ 
Thus P= I0'.96 and Q=9'.20 

10'.96 10'.96 

9'.g0 ''■ 9:siy 

(P + Q)=20'.16 (P— Q)=l'.76 

(P + Q) tab. Ist 0.085 (P — Q) tab. Ist.-- -O.OOO' 

. viththeobs-ang. i — 12.19 vtiih the obs.ang. l +34.89 ~ 
tab.'2^ . I 6095 tab. 2. \ O.OOO 

9752 



--l".036i& 
obaf.ang. 61*10'49".8 
6P10'48".26 
The angle comprehended by the- chords is therefore 
er 10' 48".26. 
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f l^tie ;same redttction must.be made for each of ihe an- 
gies, and their sum i^eudered equal to two right angles^ 
by adding to,.or subtcactiog froro^.each a third of the 
difiference between that 9um and twp right angles : after 
which the calculaticm. maj be made as* for a plane 

I ^ |. . i . . K t . . , I » • 

•- -» ^ ' » ' ObiefDaUoiis of Latituie, ^ • 

' MjBRtD I JkN altitudes either of the sun otofthe stars may 
'beemplbyed iii determining the latitudes of ^places on 
Ihe earth ;' the* method is the same for both. The mo* 
mentthe slat basises the meridian is ascertained by means 
m its rij^ht ascehsidn, and several altitudes of it are 
observed before and ^fter the "passage, taking the exact 
time of tie observations by a seconds pendulum. 

The inv(^iitioa of tbe^f'epeating circle" enables us to 
obtain the latitude, in 6ne nighty within^ a second of the 
truth ; an accuracy which before required the successive 
observations of several years. . ; 

In fact, we may take 90 or 40 zenith -distances of. the 
same star before and after it Jms passed 'the meridian ; 
similar observations may be made on se veral' stars jduring 
t^e same night, .apd consequently, ina.^c^ hours, we 
9pLa^. ^obtain a hun^fed olp^eryations of latitude. The 
altitudes of the same star are taken by prolonging the 
series of obser^fitions, without reading each of them; ii 
will be sufficient to read the last, and to divide the arc 
passed oveir by the,nnmhei:,of angles observed,. because 
the motion of. the star may be . considered as uniform 
during these small intervals of time. ' 

,Th&;^ifferent, heights of a sf ar taken at, some distance 
from the meridian want a correction to r^duee them to 
tlwmeridian. , , 

. . . ^ » • ^ . 
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• let H Z P R tj^g:; SOjT^iB tlie meridietn, Zitie iehiihi 
£ the s(ar, PG its distance from tlie pole, JZ E the ob« 

' served zenith distance ; make P e ±: P E ; it is re<]^aired 

* to determine Z e from Z E which was observed* 

Let the latitude of the place, which it Js sufficient io 
know nearly^ be denoted by h ; the declination of the 
star by D^ and its diMance from the meridian^ or 
the horary angl^, Z P E> by P; Z e = iJ P — P E =: 
(90° — L)^ (9(r— D) ^ D— L. It is evident that 
Z e is less ^ than Z £• Let ^ be the diffejfence^ then 
Z is :p: Z e + ^. = (D — L + Jt); the sphecioal triaa* 
gle Z P £ gives cos. Z £ =: cos. P £ cos. |^ Z + sini 
FE «in. P Z cos. P or cos. (D — L + a?) == sin, D sku 

X + cos. D €05* L COS. P. . 

It was fxqw^ this equation that Delambre found ^^ which 
^he has expressed in the foUowii)^ series^ viz. 

^ ^ / ^sift.^^F 0t>s,, P0OS. L \^ 

A siQ.(0^L)8in.l". ; / ; ; . . 

. / 2 sin.* ^ P COS. D cos. L«\* ^ ^ . ,' 
;> I sin. (D :^L) sin. V' ^"^^ <^ " ^> "^ '""- 

;H .siii.(I>^D'sfa.:i-. y ~*- (D -Dain-vi// 

• "TPhe third teM is' WlvayB insensible; the second tt 
easily catculated b^ means of the first, but the firdC i^ 
genefatly suffioieiit. ^ 

The vaifofe of ji? ni to be subtracted from the observed 
distance when the ^tar pa&se^Wween the pole and thf6 
a^eziitb^ acbbrdin^ 1(V the*fi^r6 ; hence^ in this i^ieksej the 
si^fas of the aborve t^lue xit i^ ikitisil be cfaan^d. 

When the star passes below (he pole, th^ signi^ cf a? ih 
t%e preceding valtf^ atef hot to b^ change, but(D + L) 
fc usedfoirXB*^L). 

Lastly, if the star pass to the south of the eenitby ffte 



^igns in the ydue of x must be changed, and (L , — D) 
written for (D — L . ) 

If the declination of the star 1»e north> D will have its 
s^ign changed. . . . 

By taking only the first term of the formula, vre s^all 
have S sin^^^ P r: sin. vers* P, and(tang. D ^ tang. L) 

n — ~:r r— > this may be put ui^der this form 

^ — sin, vers. P - - 

*""■*" (lang. D 4: tang. JL) sin. i'' * 

This formula virould serve for the calculation of gjener. 
.pkl tabks, "with the aigunent (tang. D 4I tang. L). 

Otherwise^ tbe<»lpulation of tables from the preceding 
formula is yery easy* It is to be remarked that the iirst 
term has only the ifai,.^ ^ P yariable, and the second only 
sin.^ i P. The logarithms of the two consecutive num^ 
bers of the tables vairy therefore only on account of the 
rariaftlott of log. sin/ 1^ P and of log. sin.^ i P. Thus^ 
vrhen we ba/ve the logarithm of the first ni|mber of the 
taUe, we shall have those of all the others, by adding 
auccesaively the di&renpe$ of the logarithms of the sin.^ 
•| P and sin.^ i P. 

It will be sufficient to calculate the second term for 
every minute of time; the intermediate terms may be 
concluded from these by an easy interpalation. 

Tables of reduction might therefore be calculated fpi: 
the star or stary which have been chosen for the observa? 
tion of latitude. 

SappoM, lor example, Ikat a table of rednction was 
lequired for t^e polar star, which appears in he preferr 
llble to all others for obaenrations of latitude. 

The liftitude of the place beio|^ 51* 3' 10" =: L, ancl 
the declination of the star 88^ 19* 50" = O, we bare 
(D — L)=ari0'40". (1> + L) = I39» 15' Q". 



\ * 
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Superior ppssage. ^ Inferior paisage, 

log.2 0.30103 ^ 

Com. log. sin. 1" . .6.31443 
log. COS. D. ....•• .8.49373 

log. COS. L ,9.798 53 

3.90771, 3.90771 

Com.log. sin. (D -L ) 0.21873 Coni.log.sin.(D+L )0.18525 

log. a. ... — 4. 12646 log. a +4.09296 

Slog, a + 8.25292 Slog, a 8.18592 

log.i.- — 1.69897 .--- —1.69897 

sin. 1" 4.68557 ..-J.4.68567 

cot. (D-^L) ,,.,.. 0.12008 o»t. (D+L).. —006467 
log. i ..... -f- 2.75754 log. 6.. ,- -1-8.63513 

Thus, the constant logarithms of the first term, of the 
formula are — 4.12646 for the superior passqge, and 
+ 4.09296 for the inferior ; these logarithnro are to be 
added to the logarithmic diflferences of sin.^-^ P, to ob- 
tain the logarithms of the corrections answering to the 
different horary angles P, due to the first term. 

The constant logarithms of the second term are+2. 75754 
for the superior passage, and + 2.63513 for the inferior ; 
these logarithms must be added to the logarithmic dif- 
fi^rences of sin."^^ P, in order to have the logarithms of 
the corrections corresponding to the different horary 
angles P, of the second term. 

For the superior passage, the first term is negative, 
and the second positive ; but, as this last is always much 
the least, the reduction i^ subtractive. 
. For tfie inferior passage, both the first and second 
terms are positive, because (D + L) is always greater 
than90». . ^ . '\ • .t 

During the observation of the same star, D varies by 
reason of the precession, aberration, and nutation; but 
(his varifiHon is so small, that the declination may be 
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regarded aSi constant during the ibterval, though it raaj 
be three or four months ; but after some jears, thp tables 
require recalculating. 

' When we wish to obserre the same star, it Will be 
convenient to make a table, which gives, for the whole 
interval, the a(»parent position of the star ; that is, its 
jight ascension in time and its distance from -the pole 
nearly, both affected with the precession, aberratioui 
and nutation. ^ ' ',> v /. • 

The instants of -the observations compared with the 
time of passage over l]ie meridian will give the horary 
angles P, with which tlie proper reductions may be 
taken from the table. The sum of all theise reductions, 
divided by tlie number of the observations, .will be the 
mean reduction, whicliis to be subtracted (for the su- 
perior passage) from the mean of all the observed dis« 
tances, (which is the arc passed over divided by the 
number or observations :) the remainder will be the 
apparent distance, as it would have been observed on 
the meridian. 

The method of calculating particular tables of reduc* 
lion for any star whatever, has been applied to the polar 
star, 'and -explained; but, instead of these particuly 
.ttableS) it is advantageous, in certain cases; to employ 
those of a general nature, as when we 'propose to observe 
^ greatnumber of stars, and to limit ours^ilves to about 
a hundred observations for each. The method of con- 
structing these tables is tbefolkiwing:--^ 

The' formala ftiui^d' above tmy be put ander this 

■form: ■ • ' '■'.■'■'■•.■ .'•''' 

, _ 2 sin.* i P con. jb cos. L , ^ : . - / ' 

- 8U1. 1"SII1. (I^ — P).-- -) 

/ 2 sin.* i P COS. D co«. L \* sin. 1'^ / - ''^ 

I 8in.l"Hn. (L— 0) ;* 2tang.(L — D) ^' 
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There is not any thing variable in this fonnula bqt 



the factors f 



Ssin.HP 



) 



and 



2 sin/ * P 



sin. 1*' ^ sin. V 

All the rest may be supposed constant during any 

aeries of observations, at least, when the body upon 

which tbciy are made is not the moon. Abstraction may 

therefore be made from the first term pf the formula, 

of the factor . ' ,t*^^^mvv s or it may be supposed 

sin. (L — D). • ^^ 

equal to unity^ considering only the variable quantity 

S sin ^ -^ P " • 

— . ^ l^^ and constructing a table from it, depending 
sin. Ji 

$olely on the horary angle. 

The different yalues of the variable quantity may be 

taken from this table for each of the observatiops ; and 

then the sum of these values being muHiplied by the 

^ ^ COS* D cos; L 1 

COimnon fector ^^^^^_^^ = tang. L ~ tang. D 

ve shall have the whole correction, «uch as it would 

)iave been obtained from a particular table which giTOi 

.- . t X 2 sin.* i P COS. D cos. L 

at once the whole term r— ri t^x—' — tts • 

sm. (L — D) sin. 1" 

The second term of the formula may be written thus, 

\ 8 sin.* i P \ / COS. L cos. D \* ^ ,• ^, ^ 

(-HHrrr-j ( sin.(L~D) ^^*'^^~P>^^^^^^ 

2 sin.* i P 

is the only variable factor, for whidi 4 



sin. 1" 

table may be constructed depending on the horary an? 
gle. In thia table the different values of the variable 
quantity may be taken for each observation ; and the 
sum of these values, multiplied by the common factor 

( sin. (L^D) ) ^^*'(^'^^)^'^B give the wjiole correc- 
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tion, relative to the term f .;, ,;/ ■ ] f —. — r^ jvT J 

cot. (L— D). 

We shall thas have the two terms of the value of x. 
But, in order to ikcilitate still more the calculation of 

this value, the two fitctors . ■ * .^ r^z-f *"^ 

' sm. (L— Ti)> 

f / f, _ n N ) ^9^^S' (^ "~" ^h «iight be reduced 

into tables^ for each particular latitude in which thejr 
wereinttoded to Be used. 

The values of — . \f, must be calculated for 

sm. 1" 

every second of the horary angles^ at least as fiir as 

l&y so that the quantities may be taken from the table 

At once^ dtid without $ny propoitional parts : it will b6 

sufficient to calculate, for the same space of time, the 

2 gin 4 JL p 

values of . ■ ' .^^ ,for every W. We mayeven^ 

'Very frequently, omit the values contained in this table^ 

also those In that of the factor ( / ,, -ivr) ^^» 

^ ^ sin. (L — D)y 

(L — D). In fact) in order that the product resttlting 

from these two factors may be sensible, the union of 

two cbrcbmstaiirces is necessary ; viz*, that the zenith 

distance mtj be incensiderable, and the horary angle 

rather large t now> when the zenith distance is small^ 

we ought to avoid large horary angles, .because the least 

drror in the time qf observation would have a very 

senliUe infiuenooy on the reduction, and, consequently^ 

en the reduced distance. It will be proper, for ex* 

ample, to discontinue the observations mrhen the re«i 

duction increases 4>y ^ or % of a second of a degree 

for a second of lime; and this happens at some 

mintttes distance from the meridian when the star is 
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very .elevated* To find th6 motdeiit at which there^ 

duction ipcreases ^ or ^ of a second, for one second ot 

1 
time, or in general — th of a second, we,havc only to 

, 5 J J /"S $in/ i P co^. D.cos. L\. ' 

iBiake — = ax zz a \ -. — -rz sr^ — y =2 

n ^ sin. (L — D) . y 

d P sin. P cAs. L cos* D . 



from which 



sin, (L— D) . . . ' 1 

* p_df^ sin. (L — D) sin. (L — Xi) , 

"^ d P* COS. L COS. D ^ ISn^fi^ cos. L .cos. D* 
If we suppose n = 1 and dt =: 1'', that is^ if we 
investigate the time in which I" of time changes the re- 
duction 1" of a degree, we shall have 

sin. P = V^' ^ ~ — f- ; and as P is generally a smalt 
15 cos. L COS. D ® , 

angle, we may suppoai^ the arc proportional to its sine, 

I 
and say that P decreases as the fraction — decreases. It 

n 

Would be useful ib calculate tables from, this formula, 

fotr different latitudes, in which it might be seen bow far 

the observations may be continued in the different cases. 

» - ■ 5 

Delambre has given, in the Connaissance des Ttmpsy 

tdr the year 12 (1804) two tables for the factors 

2'sih.*AP_, Ssin.HP , , . , r ,i 

■ .^ . , ,, ■ and — : — -^ calculated for every second 

sin. 1 ' sin. 1 ^^ y .. 

in the first, and for every 10" in the second, as far ais 

16' of time. There are alsp similar tables for the factors 

eos. L coi. D ^ /cos.^L cos. D\* ^ >» tiN 

—' — >T — fST" *"" \ \m fvT J cotang. (L ~ D) 

sin. (L — D) ^ sin. (L — D) / ^. . •. -. 

for the latitude 48<»5r, which will serve for the different 

observatories of Paris. There is also subjoined a table 

for finding the horary angle for the same latitude, when 

the reduction varies one second of a degree for each 

second of time. This table is <:alculated from the for* 

«,^« p_ tJp^ (L — D) i r 

muia r =; ^ ^-- =;. 

locos.Lcos.D 



< 
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From this table it may be seen, for ezampley tbal fbf 
30* of north declination, the horary angle is8'.7; frotit 
which we may conclude that, about 4'-^ before and after 
the passage over the meridian, we shall have O'^Serro^ 
in (be reduction for an error of 1" in the time of obser- 
ration; and that at about 3' the error would be nearly 
^ of a second. Very little dependence can> therefore^ 
be placed on observations made with this declination 
when the horary angle exceeds five minutes. Now, at 
five minutes, the second term is 0".006 x9«l, (seethe 
subsequent tables) that is 0".054r, a quantity too small 
tcf affect the calculation. 

At 90* of declination, the horary angle is IV. 9; there* 
fore^ the obsetvations may scarcely be commenced but 
6' or 7' before the passage over the meridian ; and, ia 
this case^ the second term will be 0".0I9 xS.O =: 0".096. 

Hence, it appears that the second term of the reduc* 
tion may be' neglected as far as 30* of north declination* 
Beyond that height^ the use of Borda's circle is perhaps 
ntft suiBciently certain^ sim^ 10' of iileUnation in the 
plane produces an error of S".53, and fi' n error of 

The stars that are only SO* froni the pole xhtLy be ob^ 
served at Paris in both their superior and inferior pas- 
sages, without the neglecting of the second term ever pro* 
ducidig a sensible ^rror as far as 1& from the meridian 3 
as will shortly be demonstrated. 

Such is therefore the use of Tabte V i H shews the 
duration that can be given to a series of obtfervationsy 
At 30* degi'ees of north declination it gives 8'.7y that is'^ 
the' observations may be continued about 9',* fotir wadt tf 
half before the passage, and as long after. At 40^ of 
south declination,^ we find 30', that is^ the obsextations 

' TOl»a4l«. It ' 
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may tie comimnoed IB minutes before the passage^ and 
end 15.' after it, and so on for otber declinations. 

' We sliall now give an eaaimple o( tbe Tables 1. IL 
II h and iy« inserted at tlie end of thk Tolnme* 

• Suppose we had twenty 'two faomry anvgles, as in the 
specimen of calcnlaticin following tlie fables. With 
these angles we take from Tabled I* and llL tbe forty- 
four corresponding numbers,' and place tbem in two 
oolomns. The sum of tbe first is, in this example, 
4SS^"*5, to which the sign — is prefixed^ except is 
passages observed below the pc^ ;« w« also take the sum 
of the second column, which is, in this instance, S'\SSf 
and.always has the sign 4-' prefixed to it. 

' The iDgarilfams of the two snms ave to be taken and 
written down separately p beloweach of these logarithms, 
the arithmetical complement of the number of observa* 
iions, whi^h is here 92, is to be Ivritten. 

Thns far nothing depends either on latitude or decli« 
nation, the operation is always the same ; only tho 
iKurary angles and the number of observations are consl- *^ 
derod. T« complete the calculation^ suppose 48^ 41' 
the latitude, S3* 24' the south declination. Willi 33^ 
24' or S3**4 south declination, search, in Table II, the 

value of the factor , ' , \^ calling it F, and which 

is 0,5544; and. in table lY, the value of the factor 

, COS. L cos. D \* T\^ ' T • I. 1. J 

( sin. (L — D) i ^'^^^g' (^ ~ ^h which may be de- 
noted by/* This factor is equal to 0«043. Tbe loga- 
rithm of F being added to the first calculatiim, and 
that of / to the second, the sums are the logarithms of 
108'\58 and 0".0065 : thus the reduction will be =: --«- 
3jD8".98 + O^'.OOeS = — 1G8''.97 =: — 1' 48".97* 
The second term in this .case is insensible :. now tbe 
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quantit;^ 4- 3".33 b ft kind of mawimum; divided by tb< 
RUmberof observations it becomes 0'M514; therefore^ it 
may be neglected Mrhen / does, not exceed unUy* l^ 
looking over the table, it i^vill be seen' tbat below^ tbt 
pole, 0'M514 /cannot exceed 0",067; even above :t|ic 
pble, from 90" to 69^ of declinaiioni the ^second tfrm 
never exceeds O'A, Wherefore, it may be Deglecteii 
on the north side, fiom the. horizon as far as^ 30^ pf xenitb 
distance. 

< Towards the south,: as far as4P of height, that is, at 
long as the declination is south, the second term cannot 
Imuch exceed O'M ; at Iff of north decUnation it iaO".S 
at most ; it will even be insensible, if, instead of dbsef i^» 
log during 33', thetiMebe reduced to 15', as pi:e86ri^ 
bed in Table Y, or even to SO' ; for it should be reroarkeil 

tliat the ?^ will be reduced to ?^ = O'M09, if 

l"*29 
the two extreme obserrations be suppressed ; to —tq- == 

.0".645 

— ^Q-^— =: 0".072, if the four extremes are suppressed* 

By continuing this examination it would be seen that tht 
use of Tables II. and IV. will seldom be required : at alji 
events, the operation would not be more difficult| noif 
much longer* , , . . 

It would be; easy, by means of general tables, tl^ 
construction of which has already been explained, \o 
calculate particular .tables for each star and /or different 
latitudes; butthis trouble may be avoided^ by means of 
the general tables, especially when the sec9nd term of 
the reduction can be neglected, which is almost always 
the case ; this method is a$ easy and simple, as whea 
particular tables are employed . 

The correction or reduction which is obtained either 
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from pftiticular or general tables^ being applied U^ ihe 
apparent zenith distance of tbe observed star^ gives the 
trae meridional distance, or what it would have been if 
the observation bad been made when the star was on the 
meridian. 

Tbe mean refraction and the correction due to the 
height pf the barometer and thermometer must then b« 
added { and lastly, the distance of the star from the pole. 
The sum will be the true distance from the pole to the 
senith ; the complement of which to 90* will be the re* 
quired latitude. 

For an inferior parage, the reduction is additive, and 
the polar distance substractive. 

- Any etror committed in the declination equally affeets 
the latitude ; in order to avoid this, the two passages of 
the (^me star over the meridian opgh^, as often as pos- 
sible, to be observed on the same night. If the decli- 
nation be not accurate, the two latitudes ^ill not be 
equail : they will differ from each other by double the 
oorrection of the declination, and tbe half sum of the two 
will be tbe true latitude. 

It is difficult to ascertain the vertical position of the 

nstrument within 3" or 3" when the zenith distances are 

taken ; which causes a diminution in these distances,* 

which is equal to 2 sin.* -^ I cot. D ; I is the inclina* 

ion of the circle, and D the zenith distance. 

It appears that the error increases as D diminishes. 
The observations should therefore not be made on stars 
near the zenith ; it is much better to choose them in the 
vicinity of the pole. 



This supposes the distances to bs less than 99F 
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Tor i of tfae Great Bear and of the Goat, at 4f from the 
tenith, the error would be 3" for 5' of inoUnation. 

For the polar star at ST^from the zenith, it would onl/ 
ht 0".29 for the aame inclination. 

In northern observations, the inclination increases the 
latitude; but it diminishes it in those to the south. 

Unless a star be yery brilliant, or otae of the first magni-^ 
tude, it is almost impossible to observe it at the intersection 
of the wires ; it must, therefore, be observed at somedis* 
tance from it. It is also vety difficult to place the wire 
exactly in the horizontal position. 

The error arising from an observation made at some 
distance from the vertical wire is similar to that which is 
produced by the inclination of the circle ; it has the 
same sign when the observation is made on a star to the 
south, and a contrary sign when to the north. The best 
way is to observe the star at the same physical point in 
the telescope, and as near the wire as possible. 



Observations rf the Azhmiih. 

Iir order to lay down a series of triangles, it is neces* 
sary to know the azimuth of one of the sides, or its incli* 
nation to the meridian ; the azimuths of all the other 
sides may then be found by calculation. 

Observations of the azimuth are made by taking the 
distance between the sun and a terrestrial object.' Sup- 
p6se M R (Jig. b\) to be the inteK9ection of the meridian 
Urith tl^e horizon of the place M, and M S the intersection 
of the same horizon with a vertical circle passing through 
the cenlfre of the sun ; the angle S MR may be calcu* 
lated ; and if the angle S M D^ between the sun and a 
terrestrial object D be obseryed^ the angle D JUL R, or 
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the iaclinatioB of the side D M to [the meridian of M 
will be known. 

A star may also be employed instead of the sun, but 
then it will be necessary to have a light for the terrestrial 
object> which is not so coaveixiei^t*. 

Azimuths 9^e generally taken when the sun is near the 
horizoo, and this operation should be performed as often 
as possible when the. sun is rising or setting; thus 
the mean result is rendered independent of the errors 
produced by those of the declination of the snn, the 
latitude of the place, and the pendulum. The repeat- 
ing circle does not give the simple distance of the lumi- 
nary from the terrestrial object ; it can be obtained only 
by pairs ; but as the motion of the luminary, with res- 
.pectto the signal, may be considered, as uniform during 
small intervab of timei the arc passed oyer may be di- 
vided by the number of observations ; and the mean arc 
resulting from the division is sensibly Ihe distance of the 
sun from the signal, for the mean instant of the observa- 
tions. 

For the distance between, a terrestrial object and the 
centre of the sun, without respect to its diameter, the 

9 

vertical^wire of the telescopes should be alternately direct- 
ed to the east and west limib of the disk of the sun. If, for 
example, the terrestrial object is to the right of the sun, 
after the upper telescope has been fixed upon the object, 
the vertical wire of the lower telescope is to be brought to 
that limb of the disk which appears to the right in the te- 
lescope ; and when thor lower telescope is next directed to 
the same object, the upper must be brought to that limb 
which appears to the left. 

The observations may be continued tn the same man- 
ner, and the final distance will be that between the centre 
of the sun and the terrestrial object. 
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The timC) or the horary angle of the heavenly body^ if 
one of the essential elements of the calmilation ; an error of 
one second in the true tiitie would produce one of several 
seconds in the azimuth : it is therefore necessary, in order 
to have the trne time with great precision at the moment 
of the observation, to know well the rate of the pendnlump 
and to take corresponding altitudes, 6n the day of obser« 
vatioB, which should be taken again 'On the following 
day. If i])p feme azirauthal observations be repeated for 
several successive days, any errors that may have 'been 
committed either in the measured distance, or the tlmei 
will be attenuated. 

Now, letNPZ M (Jig. 52) be the meridian, N the 
northern point of the horizon, P the pole, Z the zenith, S 
the true place of the sun, S' his apparent place, and 6- 
the terrestrial object ; the pendulum will give for the in- 
istant of the observation, the horary angle ZPS =: P« 
There is also known PS, the complement of the declina- 
tion of the sun = C ; and P Z, the complement of the , 
latitude = H ; there will therefore be given in the trian- 
gle Z P S : cos. Z S or cos. B = cos. P sin. H sin. C 4* 
C08.H cos» C ; this is the true distance of the sun from the 

zenith ; and sin. P Z S or sin. Z =: - — -. — s-— • *^^^ 

sm. B 

angle Z is the azimuth of the sun, reckoned from th^ 
north. 

Let r be the refraction and p the parallax in altitude ; 
then we shall have Z S' = B' = B — r -{- p t in the 
triangle Z G S', there will be known Z S', the appa« 
rent dfttance of the sun from the zenith ; ZG^ the ap- 
parent distance of the terrestrial object from the zenith ; 
and G S' the observed distance ; if S' G be made equal D, 

and Z G = A, and if we make R = ^L±E^t2.^A 
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Md R' = ^^^1 "^ " — a', we shjill hare sin? | 
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GZ SSor8in.*iZ' = 



sin. R sin. R' 



sin. A sin. B' 
If the instrnnient bas not been placed at the centre o^ 
tbe station^ tbis angle Z' wants a correction, in which 
case^ the redaction given bj the formula (page 71) 
is to be nsed ; and here it roust be remarked, that the 
correction is always reduced to a single term, because the 
distance of the heayehly body, which is in the denomina- 
tor of the other term, may be considered as infinite with 
respect to the distance from the centre of the station. 
Thus, if the body is to the left of the terrestrial object> 

the correction will be reduced to + — n-^ — ttt — 1 

and if it be to the right of that object, the correction will 
r sin. Y 



be— 



Gsin.l" 



EXAMPLE. 



Suppose, that on the SSnd of July, 1798, the distance 
between the sun and a terrestrial object had been taken. 
* The barometer stood at 30.2 English inches ; and the 
thermometer at 52^ deg. of Fahrenheit. 

The arc passed over by the telescope, divided by the 
number of observations, gave 67® I9'd4'^7 = D, for the 
distance between the object and the centre of the sun. 
, The mean instant of all those of the observations, given 
by the pendulum, was 6 h. 36 m. 44 s. ; the corresponding 
altitudes taken in the morning, gave Oh. 3 ot. 365. for 
the true noon: those. taken on the folIowiQg day, gave 
Ob. 4im^27s. for the true noon ; so that the pendulum 
had gained 51 seconds in 24 hours« 

To reduce the instant of observation to true time, Sm. 
96 $• must be subtracted from 6 A. 36 m, 44^.; the re« 
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tnalnder 6 A. S3m. 8^. \vUl b^ Ifa^ time dapsed, ac- 
cording to the pendirlum^ from the preceding noon to the 
moment of observation. Now, to find how much the 
peddttlum gained in 6 A^ 33 m. d ^. we hieive the following 
proportion, viz. 34 A. Om. 51 5. x b\s. :: 6A. 39)n.8s. : 
]9*9^. ; which taken from 6 A. 33nt. 85. there remains 
6 A* SSdi. and 54.1 seconds for the trae time of the 
obiter tation. 

The declination of the stin onihe99nd ofJaly, At 6 A. 
38 »i. bis. was ir 57' 22". 5 north ; thus PS = C = 
70* 2' 37^.6; 

The latitude of the place -^ 42* S' 32^' ; thus H t= 47* 
51' 28"; ^ , 

And the distance of the terrestrial object from the ze- 
nith = 9(f 21' ID"; 

6 A. 32 ih. 54. 1*. = 3* »» 13' 3l".5 = the horary 
angle = 1^. 

If the observation had been made iii the motning, this'^ 
quantity would be the supplement of the horary angle, 
t»rhich Would consequently be 2» 21^46' 28".5 = — P, 
unless we reckon' the horary angled from one noon to ano« 
ther, or from 0* to S60* ; theh we should have P = 
8'2r46'28".5. 

SPfiCIMEir OF CALCULATION. 

"Log. COS. P = — 9. 1555425 

k^. iin.H 2t: &.8701003 log. cos. tt = 9.8267052 

log, siiu C = ^ :9:97Sr064 log: cos. C = 9.533139^ 




—0.0997 124 . - : .8.9987492 +0.2290048.-.9. 

+ 0.229004S 
— 0.0997124 
Cos. B= + 0.1^292924 log. «os. B = 9.1115729 
Therefore B = 82 d4' I6".67 s the trae distance of 
tke suh froift the zenith. B w6aid tie greater than 90" if 
th« COS. of fi frere aegativd. 
vol., u Q . 



\ 
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Comp. log. sin. B = 0.0036606 
Log. sin. P =: 9.9955092 

I^og. sin» C...,-. == 9.9731064 
Log. sin. PZS Of sin. Z ••«. =: 9«972376@ therefore 

Z = 69^ 44' 40"4. . 

This solution does not shew whether Z is greater or less 
than 90^; for the sine is the same in both cases. It is 
generally known before of what kind the angle Z is ; but 
the doubt when it does occur is easily removed. 

The. angle PZ Sis 180^ at noon, and it decreases as 
the sun approaches the moment of his setting; the in- 
stant may be determined at which that angle is just 90^^ 
by considering the triangle Z P S as right angled at Z ; 
for if, in this triangle, we calculate the horary' angle P, 
we sha}l know at what instant the angle Z was ^^ and 
we shall also know whether it was acute or obtuse at 
the moment of the observation . If the calculation, in our 
example, be made, we shall find the horary angle P less 
than 3"«^- 21% &c. when the angle Z was 90* : it was 
therefore less than .90"^ at the instant of the observation ; 

so that making B= 82*34' 16".67 

Mean refraction format distance (Table > g ^g ^ 

'VI. following) ..•••. J S 

Correction for temperature (Table VII. > q gg g^ 
following)*..... ........ .•.«•*. J 

Paral. of the sun July 22nd at7*.25' of> o 8 31 

altitude - % 

B'the apparent altitude of the sun.... 82* 28' 4'\28 



■«i^ 



* Attention must always be paid to take the correction for the 
temperature given in Table VII. with a contrary sign to that corres- 
ponding to the factor (j(-h> + «y) expressed in that table, because 
the absolute re/raciion zizrziz.dr (r denoting the mean refraction, and 
dr its correction) ought, always to diminish the number answering to 
<^+^ +^J^) in the calculations of the azimuthal angles. 



I 



= 840 8 


48.93 


=: 120 4 


24.49 120* 4' 24".49 


. = 90 Si 


10 B'=82 28 4. 28 
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A. 1.90' 21' 10" 

B'..8S S8 4.SS 

D..67 19 34.7 
(A+B' + D) 

( A4^Bh-D) 

A ^^^ 

R = 29° 43' 14".49 R'r:37* 36' 20^21 

Comp. log. sin. k 0.000008S 

Comp. log. sin. B' • . . - 0.0037636 

Log. sin. R 9.6952823 

Log. sin. R .......9^7854884 

Log. sin.^'iZ' = 19.4845425 

Log. sin.. iZ'..-. = 9.7422712 

Therefore 

J Z- 33? 32' 0".06, and Z'=67^ 4' 0".12 
< Thus the distance of the terrestrial object from the 
centre of the sun« reckoned on the horizon^=67^4'0". 12^ 
inr^hich it. would still be necessary to reduce to the centre 
of the station if circumstances required it. 

LetO (jf£g". 63) be the place of observatioti,* N the 
north point of the horizon, and M the south point, S the 
sun, aud G the terrestrial object ; thenas SON=Z and 
S O G=Z', we shall have M O G=the azimuth counted 
from the souths 180"— (Z + Z') Thus the true azimuth 
will be 180*— (69» 44'.40".4 + 67^ 4'0".12), =r 43* 11' 
S0".48, and G is to the west of M : if (Z +2) exceeded 
180^, G would be to the east of M, and we should then 
hare M O G-(Z +Z0 — 180" ; it would have been the 
contrary if the azimuth had been observed in the morn* 
ing. This is for the case in which the object is to the 
leilof the luminary. 

If the terrestrial object were G', we should then have 
NOG'=NOS-^SOG'=(Z — Z'); this would be the 
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azimuth counted from the north towards Ahe west.^ And 
if wf had Z'i». Z, N O G' vould be5;{Z' -r- Z)=:the azi- 
muth reckoned firom the north towards the east ; it would 
be the contrary for an observation made in the n^oining.. 
Here the object is supposed to be on the right of the tfun. ' 

The elements of the calculations of azimuthal observa- 
tions would be the same, if a star was employed instead 
of the sun. It wo^ld heneoessary to kitt>w the declina- 
tion of the star which had been ch03en. corrected fot 
aberration arid nutation, and also its right aseensipti« 
equally corrected ; thecomparispn of the instant of obstr^ 
▼ation with the passage of the star over the meridiaa 
would give the horary angle P. Th^ p^lculation would 
be the same as in the prcpedisg ^^auiple ; there would 
not be the parallax to add to the true height to have the 
apparent height. ' 

The azimuthal observation, by whi«h the position of 
all the sides in the chain of triangles is determined, ought 
to be made nearljf in the middle of that chain^ and in a , 
place of which the latitude has been acouirately detetf 
mined ; azimuths of verification are then to be takea at 
the extremities of the chain, and particularly in the direor 
tipn of the meridian of the former place, which ought ta 
agree very nearly with the aadraoths from calculation. 

Too much attention cannot he paid to azimuthal obser- 
vations : they require great experience and precision in 
the observers, who should, therefore, exercise themselvai 
some days previous to the observation. 
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CHAPTER II. 



Oft Refraction, an4 the Method of determining it when the 

Earth is considered as Spherical* 

I. Xhe air being continually subject to the action of so- 
lar light, and holding in solution substances of a different 
nature, cannot possess a constant density, A Vay of 
light 'which traverses the atmosphere obliquely, and 
which is besides progressively attracted by the lower beds 
of air, ii^ forced to deviate every instant from the direction 
ft fidiowed the preceding instant ; it is this effect which 
is called Refraction, 

If from the point A (/?gf.54J a terrestrial object B be 
observed, the luminous ray by which its image is trans- 
mitted will follow the curve B D A, and the object B 
will be seen in the directimi of the tangent to that curve, 
that is at B' ; from which it follows, that refraction makes 
objeet9 in general appear more elevated than they are ; 
the angle B' A B therefore measures the effect of refrac- 
tion.^ The determination of this angle is the subject of 
the ptesent investigation. 



* It is heje (uppQse^ji tb^t th^ curve of refraction is of a single 
curvature^ and that its plane is vertical ; but some observers, and 
chiefly Dclambre, have ascertained, in a certain state ef the atmos- 
phere^ the existence of a hori^ootal refraction, the effect of which is, 
indeed, much less than that of the vertical refraction, ance it 
scarcely amounts to a few seconds. Nevertheless, when both th^s^ 
deviations take place, the curve of refraction has^ necessarily a double 
curvature. 
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Let C beihe centre of tbe earth (fig. bb) and' A and B 
two signals ; if from the point A the point B beobi^rved, it 
will appear at B' by the effect of refraction ; in the same 
manner the point A will appear to be at A' when observed 
at B. 

Making the apparent zenith distances j 

ZAB' = >, VBA'=:>', 
and th^ angles of refraction 

BAB'=:;r, ABA', = r'; 
we shall have for the /rt^e, zenith distances, 

ZAB=:^4-r=:D 
VBA~J'4-r'=;D'; 

therefore ZAB -f VBA = J-f-^ +t-+r' (1) 

Again, since the outward angle of ^ triangle is equal 
to the sum of the two inward and opposite angles, we 
shall have 

ZAB=C+ABC 
VBA = C-|-BAC; 
therefore ZAB+VB A = 2j* + C = D + D'.....-(2) 
This result shews that the two true zenith distances ex- 
ceed two right angles by a quantity precisely equal to the 
arc of a great terrestrial circle drawn from one signal to 
the other. 

So that from the equations (I) and (2) we conclude 

J-f-S^ + r + r'zzSj + C, 
or else, because r is sensibly equal to r', 

r= j—iC^+i'—^q) .(3) 

Dividing both sides by C, yte shall have 

— - ^m> I ■ ■ 1 .1 I ^^ Jim » m ^ ^ ^ m m 

c c 

and finally r =: r C. 

- • , ■ _ . 

* q here signifies a quadrant, or 9(f . 



(4) 
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n varies according to the state of the atmosphere ; . and 
Dclambire has remarked, that, in Francef the value of n. 
is about 0.075 in summer, 0.08 in spring and autumn, and 
that it varies from 0.09 to 0.10 in winter. If n. were ne- 
gative, the refraction would depress objects instead of 
elevating them, but this very seldom happens. 

It follows from what precedes, that 

Z A B = J+r= J H-J C+i(J— J'), 
VBA=J'-fr'=y-fiC— i(J— J'). 

In all these calculations, it is supposed that the instru- 
ment is placed at the summits of the signals, which 
does not take place in practice.* If, for example, the 
centre of the circle is at the point a, the true distance 
from the point B to the zenith is Z a B, and its observ- 
ed apparent distance = ZaB'; denoting this last by 
A , we shall evidently have Z A B' ^ Z a B' + A B' a 
= A A B' a ; it remains then to determine the angle A B' a, 
which is the error committed. 

Let AB'=:AB=:B, A azzdUy md A B' azzd A ; the 

triangle A B' a will give sin. rf a =: ^ . 

• Taking the arc for the sine, and reducing it into se- 
conds ff 9, it will become rf a == R" ~ - (5). 

When the triangles are calculated according to De<- 
lambre's method, (which has been explained,) we obtain 
the chord of the angle C for a sphere, the radius of which 
is equal to the distance from the horizon of the sea to the 



** It will easily be conceived, that, in order that the refraction may 
be determiDed with accuracy for the moment of obsertatioBy it is 
essential that, the zenith distances of the points A and B be. taken by 
two observers at the same instant. ^ 



deittr^ of tlie earth i and tkU chofd ia les^ thaa tlie dis* 
tenc^ II B±:B. In order io ascertain the error, wc might 
make cf A b Ainttioh of the known choM K, and of th^ 
radins of the earlh (Deldtiibre^B Meinolr, page 9S} ; but it 
HfiU be sofficient, in all cases, to make use of the prece- 
ding formula^ sabstitoting in it, howeVer, K for B. 

The preceding correction being applied to the two 
observed zenith distances, we shall have, for those which 
should have been observed at the tops of the signals, 

i:AB'=A + dA=> 
VBA'ri A' -hdi^' zzi'. 

Sack srre the values to be einplOyed in the fornlttlae 
(3) ntA (4), for estimating the refraction. 



On the Difference of Level on the Sphere. 

!!• Two or more points are said to be on the same 
lei>el when they are situated in the same surface, similar 
to and concentric with that of a calm sea ; and a right 
line perpendicular ix^ the line of gravitation is called an 
horizontal line. On the hypothesis that the earth 1$ a 
perfect sphere, all the vertical lines or directions of gra* 
vitation pass through its centre ; but if we consider the 
terrestrial globe as a spheroid generated b j the revolu- 
tion of aa ellipse about its less astis, which is mere pto^ 
bable, the verttoai line^ are normals to the surface of 
the spheroid^ though the j do not all pass through ike een* 
tre of the earth. 

These definitions being well understood, let C be tbe 
centre of the globe considered as spherical (fig* 56> aod 
Ay By two points unequally distant from thatceatre* 

If A B' be a line of (eve^or a terrestrial arO, tbe height 
B B'zzH will be the difference of levelof the two points 
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A5B; if, besides, Z A Br::D=:3'-hr be the trne distance 
from the zenith to the point B, we shall hare, byobseiT* 
ingthatB'AC= j — iC, 
BAB'=2j— ZAB — B'AC=2y — D — j-hiC=tj^ 

ABB'-AB'C-^BAB' = 5— iC— y +D — iC = 

but the triangle ABB' gives, by making the chord A B^ 

H= ^ ^^»* ^ — Ksin, (y + iC— D) _ 

sin. B sin. (U— "C) 

Kcos. (jC^-D) 
sin. (D~C) * 

If this triangle be supposed to be right-angled at fi', 
it is easy to perceive that we shall have, with sufficient 
accuracy, for the difference of level required, 

H=Kcot. (J+r— ^C) . ..(1) 

we shall have also, 

H=~Kcot.(3^-|.r— iO (8). 

Now the value of H, expressed in a function of the 
two apparent zenith distances, may be obtained in the 
following manner : 
From No. 1, we have 

• ' ' ZAB=y-|-iC 4- !(>--?'), 

and it is erident that ' ^ 

' BAC=2(?'— ZAB=:j--iC+i(J'--3) 
B'AC=j— iC 

BAB'i=BAO— B'AC=i(8- — J,) 
.B'iBA=2f— VBA=j— ^C — i(3»— 3). 

.""'•ABB' ,„,.(,c+^') 

VOL4 I. II 
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. ' Tbift fermula is exact ; bat- in many cltses i Cmty be * 

* 6 jn 

'ii^ade=:0; then because tht — - = tang, we shall cvi- 

co». ** 

deQtlyhave a^iKtang* ^ (f r-J).--. (3). 

When^'t^ ty H is positive; the contrary takes place* 
.when i* ^ 3k 2 h^ing the ohserred distance at the place 
of known elevation, and 3" at that of which the elevation 
is required. Dela^bce has al^o inv^tigated,. l^ ft very 
elegant calculation, the value of -| (i' — 3) in a function of 
H ; but the lit)tte utility of ^ that /value indppes . us to 
omit the detail respecting it. ,. :. , 

K and r might be eliminated from allr thefoirmti1«B mto 
which they enter ; for it has been shewn ifx^tr^n Cf.and 
it is easy to shew that ntCxi^ ^sin^.^C, ^ bein^ the radius 
pf the earth correspoiiding with tha n\i^dle of the chord K* 

The method of determining the elevations of the tops 
ef signals above a common horizoriji^ {that of the sea, for 
example,) is evident from the preceding investigation ; 
thus by subtracting from them the heights of the signals, 
we shall have the altitudes of the ground above the level 
of the sea. The ea:ample which we propose to give of this, 
calculation will likewise fix the ideas in this respect. But 
let us suppose for a moment, that the points B, B', B'' . . B" 
are unequally elevated above a common horizon, so that 
h^ is the elevation of the point B' above the level of B ; 
A'' that of B'' above B'; d'" the depression, of the point 
B'" below tne point B" ; and so on : then it is evident 
that we shall have generally 

H -^ Dsthe differaace ef level, 
by taking the altitudes h positive, and the de^t^ssions d 
negative, supposing them to be reckoned fmm left to 
right. If the resuft of this formula be -f the point 
B** will be above B ; and if it be affected with the sign --: 
the point B" will be below the same Wei. . . 



From this'we may cohcliide, that if N i& the keighl of 
the points above theieV^lof the sea, N+tt — D will 
be the height of aWy ^her 'Jittlnt' above the sam^ level. 
The method which has been hete 'explained Is the same 
as is' ased'iiv 4he practicb !t)f levelling.' - - 

A>s the difft^rehce of foveV on the^ spheroid tiiay be cal- 
culated w the «ime tnatiner- as* npdn the sphere, (MeMv 
of Deiamtnre, pa^ I04r), we shfadl only make one obser^ 
tvation: on that subject; whii^h is, that instead' of the 
angle C formed at the centre of the earth considered d& 
spherical, we may substitute another angle G or f == ^ 

ill. 'When the hotrizon of the sea can be seea froift 
the place wbe^e the observation is made, it is easy tb 
conclude immediately the height of the place above 
that horizon, by melons, of the observed angle between 
the horizon and th^ zenith ; 'the folkrwing is the me- 
thod ' 

If from the place of observation IS (Jig* 5/7) a tan- 
gent B A be supposed to be drawn to the surface of the 
sea, the radius of the earth C kzz.^ will evidently bepeiv 
pendicular to A B« ^^ ^^ suppose, besides, a line of 
level or a terrestrial arc A B' intercepted between the 
point A and^be vertical" lii\e VJ?, fiB^=rN will be the 
height required. IS^ow, making as before, the true ze- 
nith distance V B A=:D:x3^4-.r, i being the apparent ob« 
served distance, and r the refraction) the right-angled 
triangle C A B[\v;ill give^ because tbeNmgle CB A=:|;-*r 
Cand^=^, , . . 

sinw (? — G) . cos, V ' 
from which it follows that 

BB'=N = 5YLr^'^;) 

^ V cps. C V 
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but I -—COS. C=:siii. C tang, i C ; therefore 

N:=e tang. C tang. ^C ; 
likewise C=y — B=f — (2 ? — D)=D — f, 

^nd Dzz^-^r; therefore 

ft 

N=:e tang, (>4-r—j) tang. i(J+r—y) (4). 

When r is unknown, its value may Jl>c deduced from 
the equation r=« C (No. 1), but it will be more conve- 
nient to transform N into i| function of n^ as foUow»: 

Firsts C=}— f, by neglecting the refractions tlfaus, 
without sensible error» 

Substituting this tast value in the equation (4), and 
lemarking that we may make the tang, m x:=,fn tang, t^ 
when X is very small and m less than unity or does not 
much exceed it, we shall have 
N=:ietang.* [i—q^n (J— j)]= 
ictang.*[(H-ii>(»^j)]. 
Therefore^ very nearly, , 

N=:ic(l+«r tang.*(>— ,) (5). 



Invettigaticnof the Formuhe for expressing, in a Function 
of the Latitude, Parts of the Elliptic Meridian of the 
Earth. 

lY. Let C E be the radium of the equator, and P the 
pple (Jig* &BJ* If through the point A the tangent AT 
be drawn to the elliptic arc P A E, the right line A M^ 
perpendicular to A T, will be the normal at that point, 
and the angle A L T=:F A T will be the latitude of the 
point A. 

The equation of the ellipse is a'y^-^b^s^zia^b; and 
for the point A the co-ordinates of which are s'^y^ we 
shall have 
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At the same point A^ the equation of the normal A L 



IS 



y—y' = 4r^ ^^—x*) ; and if we makej^=:o. 



we shall have the absciss C L, or 



0^ — 6* , 

X rz X : 



from this it is easily concluded that Ihe^ normal A h±,n 
has for its value^ 

Let ALF=:L, we shall haVe yzsnsin. L^ and con- 
sequently 

from which is obtained 

y/» -3 ** sin/ L 

and from this 

If, for the sake of abridgment, we make, in this re- 
sult, an 1, and I — 6*=:c;% where e denotes the ellipticity, 
we shall have 

and the equation (1) becomes 

A F= v'= (^ — g') sin . L 

•^ -(I^e»8in/L)i --..-(4). 

On the same hypothesis, the equation of the ellipse 
may be changed info 

leoce, bymeaosoftkeprecediqg equation, 

CF =«'= 1°±JL1_ .R, 

(I— c»8in/L)^ w- 
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Fdr the tome readdn, the valiie of G L, found aboTe, 
may be changed into 

C L = e* a;' ; 
but ic' is given by the equation (5), therefore 

CL=— ^22!!iL _ g 

(1 — c*sin.*L)J . . "^ 

All the values which are here obtaini^d suppose .r to be 
iakeii on the majoil axis of the ellfpsd ; biit if the minor 
axis were referred to, the method of caleuIatioA would be 
the same for the valuer of the linep A H,' and^.C M, &c. 
To prove this, let ^ "".,.. 

be the equation of the ellipse, x now being taken on the 
less axis, CP. If we make the normal AM=:n', we 
shall evidently have for the point A^ 

^'=n"cos.*L; 
but, from the equation (2) by cbaaging a for i, and vice 
tersoy as well as the sine for the cosine^ we shall 
have 

■ A-»f :i«'= f[}-{ ~^ ) COS.* t] ■" ^; 

• ' • - ■ 

lancF since we have alwiiys " 

fl=l, i»— 1=;:— c% ft=(l — e»)i 
it follows that 

1 



«' = 



(I _ ^)i [i + jZ. (l_,ifl.«L)3^ ' 

I ^ 

^ ^ ..*.••..* .(7). 



(I~e»sin.' L)i ^ 

dn the other hand y'nw' * cos.* L, therefore 

2 cos.^L , ' ' • ' 

1— -e^Bin,*L 
and as the ^actuai . equation of the eUipse gives ^y'b: 



z — ^— ;; — ^, by equating these two values, we sball 

have 

_ (1— c'ysin.^L , • 



a^=: 



J — e^ siD.^ L 



Besides, it has been found above that C Lr: r — ^^'j 

thus, in the present case we h^ve 

O M r: ' s rr j?. 

6* J— c' 

By substituting for cp its value obtainjed from the , pre* 

ceding equation, we shall have 

Cm# — *e^sin« li , « . • t ^«% ' 

(J— c»sin»*LH 
A9 to the value of A C, it is evidently represented bjr 

y^ o^-ity^ \ thus, whether we make use (MP the above 

values of .a?* and jr% or liaye re<;ourse to the equations (4) 
and (5)| W6 shall obtain 

, AC-r= riw£(]^i^f ...... ..(9r.. 

L 1 — e^sm.* L J 

This last formula may be brought to a more simple 
form, as follows. 

If we suppose the ellipsoid circumscribed by a sphere 
which has for its radius that of the equator, the angle 
aCEzzFaTz:^ will beibe Witude of the point a on 
(he sphere ; but the points a an4 A have the 8an\e absciss 
PF; therefore^ if. we make AF=:y'and aF=:j^", the 
equations of the circle and of the ellipse will be respec- 
tively 

from Mrbichy bj expunging a:*, we obtain 
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But aF is* the sine of x, since n C=: I ; therefore 

1 — c»8in.»L * 
from this the equation (9) becomes 

AC=(l~e*sin.*x)i (10). 

We might now find the value of x ; but this Delam- 
bre has done in a manner that leaves nothing to be 
desired (see page 70 of his Memoir already cited). 

v. It may be useful to know the nature of the curve 
formed upon the spheroid by a plane perpendicular to 
that of the meridian : this research requires first, that we 
have the equation of the surface of the spheroid of revo- 
lution ; then by referring that surface to co-ordinates 
taken in the cutting plane, we shall obtain an equation 
between two indeterminate quantities only, and we shall 
thus have the equation of the curve made by the inter- 
section. 

To find the equation of a spheroid generated by the 
revolution of an ellipse about its shorter axis, it must be 
considered .that the generating ' ciirve being plane^ its 
equations will be 

Z =0 > 

We shall have besides, 

j/tna being the equation of a plane perpendiculat to the 
axis of rotation ; ,and the last, that of a sphere, the cen- 
tre of which is at the origin of the co-ordinates. (Feuillts 
(TAfijalt/se de Monge^ No. 6.) 

These four equations ought to take place at the same 
time, that the proposed surface may be a surface of 
revolution. Therefore, if we exterminate -r, y, and z 
we Jshall have a* 6* — O-a^-V-a iz.b' f («) ; and by 
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for (he ^^uation oi ib« furfiice of flit ^pbecoid of reyo* 
lution. :T 

N0W9 if A M be the intersection of the cutting plane 
ivyith that of the meridian, taken For the plane of the a^j^^ 
and that these two plane3 are perpendicular to each 
other^ we must in the equations relative to the transforma- 
tion of the axes (see Xf6 Traitt des Surfaces du 2^ Ordre 
par.Biotj No. 153) make ^^1^ and we shall tutve for all 
points of the catting plane 

y=:t' f ir'sin. ji> 

Substituting these values in the equation (1) we shaU 
find by putting, for the sake of sknplifica^ion, 

i'=c'=io, 
6^y *+(iif* 9m.^ 9 + i'cos.**) jr?'*+2 a' 6* cos. f x' zz (a* 

—a'*) 6%-. (S)^ ' 

im equation of the ellipsci and that of the required inter- 
aaction* 

This equation would be that of the circle if the co«ef» 
ficien^s of <r'^ and y' ^ were equal, that is^ if 
6*z=iJ* sin.* ^&H-6*cos.* ^. 

This couditiou may be fulfilled by making fi=:o, for, 
mthis case, sm. ^t=o, and cos.{y=l. The curve of 
intersection; if th^efore a circte wheathe cutting plane is 
parallel to t^e greater axis of the spheroid of revolution. 

If it be required tJmt the iotersectioii A M of the cntttag 
plane should eoiueide with the normal conaspondiag to 
^^tho Istitttde L, we muat make ^sL, and 

. I £^T ^ COS. L ^^r *M ^ ' * 

_ ^ 

TIm equation iSy^ ia which we may Uhewifte make 
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asl and 6*sl — «* will th6a becomf) by.ioeaiui of these 
TslueS) 

e*cos.*L 



1 — c« sin.» L • 

To iiaye the points in T?hich tbe curve of ihtersectioh 
cuts the axis of the j?', we may make ^' =0, then 

(1 — e» cos.^ L)(l — c* sin/L)i 

V 1 — <?»sin.»L^* (1 — c»cos."L) "" 

If the two roots of this equation be denoted by X/ Xu we 
shall have 

1— c» 



^.= 



and 



(1— c«sin.«L)i 

1 +e'cGS.«L \ (1 — e*) 



-_ ( ^ +e'cos.'L \ (1 — e') • 

^" "" V 1 — e* cos.' L / (1 — ^ sin.* 1^)1 • 

The first root is the expression for the normal obtained 
above, and the second root is the value of the opposite 
normal. 

When L=5^, we have evidently 

ocf ==^(1 —e)-b, and ^/,=~;^(1 — c») == — J* 

The actual . curve of intersection ought pot to be con« 
founded with the line which, between the pole and the 
equator, would be perpendicular to the meridian; for 
this last has essentially a double curvature in the sphe- 
roid. But these two curves differ much less from each 
other as the ellipticity of the earth diminishes. 

By measuring, in the greatest breadth of France, an 
arc of the perpendicular to the meridian of the observa- 
tory of Paris, with the accuracy which characteritei the 
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last measure of an arc of the liierfafian compr&ed be« 
tween Dunkirk and Barcelona, we should have more 
certain data relative to* the curvattire of the earth's sur« 
face. This is an operation desired by the learned, an^A 
of -which the governiQent will, doubtless, shortly order 
the execution. ) 

Calculation of Terrestrial Refraction. 

V I. At 18.6 yards.below the top of the signal A (jig» 55J 
the zenith distance .^vas observed to be 90* JS' from the 
ypp^r extremity of the signal B ; reciprocally at 16.5 
yairds below the upper extremity of B, the zenith dis« 
tance to the point A was 89^ 56' ; the rectilinear distance 
between the two signals being 31172.8 yardsirK, it is 
required to determine the val^e of the refractiqn and 
of its co«efficient. 

To reduce the zenith distances t^ the tops of the sig* 

]ia|s^ W^may inal^e use qf the formula (5) No» 1 

dHsin. aR" 
c/A= g . 

Thus with respect to the signal A Mf^ h^T^ 
dH=18.6, A =90» J3j 
and with regard (o. the signal B», • . 

dH' =16.5, A' = 89" 56: 

Log. d H=: 1.2695199 Log. d H' =1.S 174839 

Log. sin. A =9.9999969 Lofi>, sia. A i =9.9999997 

CoQi«log.3=5.506SS43 . ^ora^log. ^ =5.506SS43 

log.R" =5.31448 51 log. R" =5.3144g51 

Log. d A =2.0901592= 123" 07 Logd A '=8.0381330= 

, . =109". 18 

A=00» 13' A'=89» 56' 

dA= 2 8" .07 d/i' =0 I 49" . 18 

Reduction to i 90» 15' 3".07 Reductionto ^ 89° 57'49".18 , 
thKummitAt =} thesammitB i — }' 
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ARm tke ftppaneiift usAHh ^t&acev have bee9 red«€64 
to the suoimitfi of the signab^ the Ibltowiii^ f^nnote aio 
to be emi^yad in obtaiaieg fhe refraetioii a«d its oo« 
eficient. 

These fonnule require the aii^le C at the centre of the 
earth to be known and expressed in parts of the sexage- 
simal degree. Now the distance K between the two 
signals A and B==31173«8 jards; and the logarithm of 
the eqaatoriail radius ^ in yard8=6.84d389I. Thus we 
shall hare the angle C by the formula (No. 10) or solely 

hy the assistance at . 

i 
Log.K....=4.493T757 

- Log.R''- - . =5.3144251 

Comp.log. ^ =3.1566109 

g.96481i7=982'M7riC. ' 

Therefoire the distance A B answers to the arc 93S''A7 

orl5'22'M7. 

The following 19 the calculation of r. 

> =90* 15' S".07 

»= 89 57 49 .18 
J+Jr—lSO? = (ri2'52".25 



■ » 



= 6 96 .1S5 



i C =r b 1* 41 .085 

. r ^ I U .96or74".d6Log.f = 1.8748S9S 

Log. C= 8.86*8110 
Log. Its -^.9100186 
Therefore n= .0818£^=^ nearly. 
Thas, whea Ae rfcftaction is constanity we kftve 
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Calculation of th§ D\ffertnct of Level* 

yil. All things remaioiagas in tfae pr^cedieg ezam- 
pic, reqtiited the diflTiurjeiicd of Uvel otf the iop^ot the 
two s^frtda Ar«nd B (^g* S6). Thti differeiice4£f gltea 
hf the exitet formula. No. S, by sUpfAMilng that we 
)Ltiow thetlfo apiiarent aenith distances J^and i' : 

>i ^ ^ : • j^i » ' fle:i5 3 Lo^. K i - ^ ; 4 * ai *.49»?767 
?tw*»-i^.^ai>-'0';17' l*^'^ I^figiSiw4(l'-t-J)ss— 7.S990650 

..,^(J;*^J+C)=+0JDI00000O 
a» ^ J-^C 3=" -rO^. 1'^' . , —1.8928407 

- The»ef<lre^Hc=,-- 78*134 yds; : '• 

I^ ut ifOw fiiKt this diflnrepee «< level by the appraxi^ 
nwting formula H £::K tang • i (J' — 3) r 
Log. K « 4.4937757 

Log. tang. (?^) ^^T^mom 

— 1 .8928420 =: — f 8. 135 yds. 
It follows from this that the point B U l6wetthan A 

by 78.135 yds. 

If we know only the zenith distance >, taken al tliA 
point A, it will be necessary to recur to l»« ^saot &r* 
mula (No. 2,) or to this approximating one, 

H=Kcot. (J+r— iC). - •■ 

In this case we hate ■■' 

H=K cot. iU .08C — .5 Oirttcot. f>-.4rO). 

J =:9(y.l5'3" Log K=: 4.4J37757 

-.49C=£ 0. 62r-log.tan«'36"»— 7:39^^ 
J_,43C=90\ 8^36^' —1.89200183^ . 

Si-**- 77.984 yds. 
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Finallj, if we had only S*, the required difference of 
leTel would be obtained from the formula 
H=— Kcot. (J'+r— iC) 

» = 89*.67'49" Log. K = 4.4937757 

—.420=-- 0. 6 27 —log. tang. &'38"=— 7.3999055 . 

89».61'22'« —1.8936812; 

= -r 78.286 yd«, I 
And by iakiogthe mean of these, last two rejsults we 
ahall obtain that which precedes them ; viz. — ^78.135 yds. 
After having thus found the difference of level of tWiO 
points from which the zenith distances blid becn.recipcQ- 
cally observed, ' let Hi now investigate that, of two 
inaccessible objects,- the^rectilinear disttoces: of. which, 
from the centre of the station, are known. 

From th<^ point A (Jig* 59) ^ the zenith distances of 
the points D and C have beeti observed ; o^e being 90^ 
19' 49'/ and the other 9^ 48*4 Required the dtffefenceof 
level of those two points, knowing al^o that their distances 
from the station A are respectively 30739.1 and 705S*1 
English yards, and that the co-efficient of the refraction 
was at that time 0.08* We have 

K=30739.1yd5 K,:;:7052.I yds 

J=90»19'4C" 3; =90* 48' 

NisKcat..(>+f— iO N;=K,cot, d+rr—iC,). 

Thus the difference of level required will be N — N, : 

Log.K :;=4-4876916 Log. K, =3.8483179 

Comp. log. i =3.1566109 Complog.e==3. 1566109 

Log. R" =5.3144851 log. R" =5.31442^1 

.IiOg..G =;2.9587276=909".S43 log. C,=2.3193539 

=208".62 

• » . . ■ • 

>=:90».19'.49" -3',=90f 48' 0" 

— .42 C = . 6 22 — .42C,= 1 28 

90'.13'.27" 90" 46' 32" 
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Log.Xr: 4.4876916 ^gK.= 3.8488179 

-^ log. tang. iya7^=— 7«59a4506 — log.taog.46'32"=£--8M31£168 

— 2.080 142« — 1.9798347 

3C — 120.«7 yd8=:N =: — 95.463 ydsssN, ^ 

therefore the difference of lerA of tbe two pointt C and 
D=:N— N,= — 84.807 yds, very nearly. 

If the same points C and D had been obserred at the 
other station B, we should have had the means of yerifi« 
cation ; for, by working the same as above, we ought to 
obtain the same result ; or, if the two results differ rery 
little from each^ other, it Will be proper to take the 
mean, if there be not any reason for preferring one of 
them to the other* It was by similar reciprocal opera* 
tions* that the last measured base in Bavaria was levelled 
by M* Henry, astronomer of the general Depdt of war. 



Calculation of the Height of a Place from which the Horizon 

of the Sea can be seen* 

VlIL From the top of a mountain the distance be- 
tween the zenith and the horizon of the sea was found 
99* 19' 8".5, required the height of the centre of observa- 
tion above the level of the sea. 

We have (formula 5, No. 2) i 

J=r«0» 19' 8".5 Log. i =— L6d89700 , 

— 90 Log.e = 6.8433891 

0^* 19' 8".6 Log. (I.08)\ r: 0.0668475 

Log. tang.* (^9(y)=: 15.4914206 

2,1006272= 

= 126.075 yds. 
Hence the centre of the instrument, with which the 
observation was made, was 126.075 yds above the horizon 
of the sea. 



DemontiratiaM of the Porvmla pr^pdsed by Legendre, for 
caladaiuig the LaiHudes, Longitudes, m4 Azimuihs of 
Terrestrial Objects. 

IX. Wb ate indebted to l!>iiiiii»»dii'-8epm for « my 
ingenious and exact HieUiod of Aidiiig 4be Utitode and 
longilude of a kmnvn place on ike eadli^ bjr its distances 
imm the meridian oi another known pls^, and front its 
ptrpendicillar. NeTertheleBSy this msthpA i% neither co 
pimple nor so direct astbe natnre of die pesUem admits. 
Those wbieh Legendre and Delambve liave lateLj given 
on (ibe occasion of the new measure of an arc of the meri*- 
dian, are Arte from all objections^ and for this nasen 
lippear <o deserre the preference, wherefore most of the 
engineers employed in geodesic operations of the first 
order, make particular use of them. 

Such is the motive which induces us ix^ give the de« 
monstrations of some of the formulae which Iiegendre 
has only enunciated in his Memoirs published in 1799. 
These forraulae, which relate Xo the present subject^ re- 
quire only the looking out of a very few logarithms, and 
all have common, elements which render the calculations 
susceptible of being quickly performed; 

The following series may be employed, which are too 
well known to require their demonstrations to be re^- 
peated : 

sm« *— X— 



1.2.3 1.2.3.4.5 



a 



f08.ar=ll : 



.3 

.3 



*•• • 



• •• 



tang. «=*+ ■ . g - + 




.(A). 



Thtfte trill &1^6 b^ b&castdd to dQhybtt Mb pMH i^ it 
^ttkdraht or degrees^ &if arc glved th pHriM ot ih6 radius 
tAktn &r litdty t this operation U fbiiftded npoh the fol- 
lowing cdrif^iddration f , 

If Hre strppose the radiail to ba applied td tfte x^ifctitii« 
fbrenecy it MTiU intercept & tiumber of partd of the ^ua^ 
dtunt i^icb may be obtalDedby me&tis of thigpropoN 

Hoo, XV 

# .... . , 

«r : 1 :: 2? ; R = %- 

f 

it denoting the semi^-circumference of a circle whoso 
radius is ], ^a quadrant, and R an arc equal to the 
radius. 

In practice q dependfli upoii Cke system of the division 
wl^ich is adopted; thu^ on the hypothesis that {^SO'y 
iiiQ radius Ivill be e:tpressed in sexagesimal mlnutesi ^jr 

the logarithm of trhich ii ;± S.^^MifSH^ | becatM($ imi 
5, 141592 and 8 j:5 18iO*:i: 108dO'. 

In the same manner the radius wltt be txpteised 1A 
aecondi^ by 

tbe logarithm of which is 5.$I44251. 

Thus, any arc whatever ghrein !n pffis of the radius 
e6itftfderetl its unlty^ ^iH be etptmefd in ueton&t^ fi^ 
example, by multiply inffi^ \v R'U^od to arp.giy^ 
in seconds will be converted into parts of the radius^ by 
dividing it by R'^f.- ; ^ . , 

The calculation of latitudes, longitudes, and azimuths 
is derived, as w9l shoft^ W seen, Ifpm th0 fMIJ^lete 
solution of a right-angled spheriqal triangle, one side of 
which, adjacent to the right angle, is very small witl^ 

VOL. t, T 
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xeqiect to the other two. It is therefore essential to give 
this solution as an introduction ; for this purpose, let 
the three angles, as usual, be denoted hy A, B, C, and 
the sides opposite them' by a, b^ c, respectively. 

If A be the right auglei and b the adjacent side which 
is supposed to be very small >¥ith respect to the radius 
of the sphere. upon the. surface of which the triangle 
A B C is situated, we shall have, by the known princU 
pies of the exact solution of spherical triangles^ 

cos. ancos. b cos. c 

tang. B = ^??i^ . 

. ""•« )....(B). 

tang. C = *^- 
° Sin. b 

It follows from the hypothesis laid down above, that 
the arcs a and c differ very little from each other. Let 
thena=:c4-<r; the substitution ofthisvafue in the first 
of the preceding equations, will give ; 

cos. (c+a?)=cos. b cos. c ; -■'... 

/developing the first meqober it will become 

cos. c cos. X — sin. c sin. xzicos. b cos. c« 
But X being very small, we have, by taking only the 
first terms of the series (A), sin. x ±: Xy cos. xzzl i 
therefore 

. COS. c — 4; sin. c=: COS. d COS. c . 

imd because A, which is likewise ver^ small, hai^ iar itp 

cosine I 5-+.-... It £pllows that 



cos 



4* \ 
. c — 4? sin. e = cos. c(l — -~ j , 

Therefore « =: ^^ -^r-^^ — =1 fi* cot c ; 

2 8in« c 



.1 ..: ' 



OV TOPOaBAPRT. 139 

and to have x in seconds 

a?=J R" 6* cot. ci 
Aerefore lastly 

a=:c + jR"6*cot.c ^ ..-.(1). 

Such is the value of the hypothenuse in a function of 
the other two sides ; if, on the contrary, c were required 
in a function of a and kf it might be o|;>tained by a pro- 
cess similar to the preceding. In fact, let csa— ^^r', 
we shall have 

cos* a=cos. b COS. (a — x'); 
lirhen developed it will become ' 

COS. a=:cos. b (cos. a -for' sin. a), ^ 

or else 

^-"•S* j(cot.a+«% 

from which we obtain, by neglecting the fourth powers^ 
of ft, 

#'= -^ cot. « r 1 — -g j si ft* cot. u; 

therefore, 

c=:<i— jR"ft»cot. a .(?). 

Now, let us proceed to the developement of the second 
equation (B) which, by means of the values of the tan- 
gents B and ft, becomes 

ft / , , ftM B' 

sm. c \ o ' o 

' The angle B and its opposite side being ytrj small, 
we shall sensibly have 

B= -J^3 and B'=: -r^ : 
sin. c^ sm.'c ' 

therefore the preceding equation will take this form, 

sm. c V 3 giQ.* c ' 



m ^ 

frma which we conclude that 

R" 6_ R"yco«.^c .gj 

Sin. c ^ sm/ c 
TM« on^y remains the tkird equation (B) to be 
iKMited. Now, if wc wak^io H C^j-i^,ir »»»« 
8Vf {N»M v*ry spitiPf^ U wUl l>f come 

from Ti^hich 

tang*y:=C9t« C8in«, i. 

Substituting for the ta^g. jf an4 ^« ^ ^^^ nlMt 
deduced from the series iK) ve shall hate 

Sf + ^= 6 cot. c — -^- cot. c. 

Tkis e^oatioii sbeii^ thtt %re hare teiy nearly jr::t* 

Thus the same eqqati<w irill tak^ the foUowing fimn^ 



^=:ftcot.c — -— tot.c(i+cot.*c): 
we hik^e therefore 
Cs«-R"«eat.e-f R" •^eol.«<i-heot.*c> .^..1^). 

This is the yalue of the angle C giTOi iu a funcliw of 
the two sides about the right angle. The relation which 
subsists between C, a, ^ maynowbeftmid; 

Iirstt from the pi;occdi]ig ^oluticp, wehavec^a^i 
V cot* a ; thus 

Cr:f — 6 cok (a— i f cot.ii) ^ 

^eot(«-^i&*oot.a)[i+cot.'(o— |^col.«)J ; 

Oereloping this on the Igppothcsia that the second tcnn 
of the Talna of c « Tarf smaBj aftd niq^ecting the 
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foarth luid higli^r powen pf K ^^ *^^ t^^^i l^ 

cause the Cot« a tang. a=: I And tiAt ■■■ —" ■** => ooi. 

® tang. 

+i 6* cot. a (I + cQt.* fl), 
and tliea 
C =5— R" 4 cot. a — ^ R'' 4^ cot. a (1 + ^ cot,* «)• •(5)* 



On ili 2lfeft(i(iii» mtf f Ae PtrpenXcuUr id tkai MerURan* 

IL. Whkn all the triangles which form the otttlinet 
of a great geographical map have been calculated au> 
cording to the principles already explained, the vertices of 
their angles are to be referred to two lines perpendicular 
to each others the one exactly reprAients the meiidiaa 
•f tie priaeipal place of the map, and is called the 
inefMiMiy the other passes through the same place, and 
b called the ptrpendicutar* 

To these two Uaes, considered as axes to which the ah<* 
cisses and ordinatesare drawn, are referred, like the points 
of a curve, all those of the country which the triangles em. 
brace* If the map is only of small extent, the dbtancei 
of the objects from the perpendicular, conyerted into 
parts of the quadrant, will express the latitudes with 
sufficient accuracy ;, and the distances from the meridian, 
ibonverted into the same parts, will express the longi- 
tudes relative to these two axes. Then it will be easy 
to know the absolute latitudes and longitudes of the 
aame objects, that is their situations on the globe, fiut 
this method is not admissible when the points referred 
to the meridian and its perpendicular are very distant 
from them^ and it b eiseotial, in this Case, to take into 
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ihe account the elliptieity of the earth ; such is the sub* 
ject of the . following forniulfe; 

Let P be the pole of the earth, Cfg^SO)^ P A and P B 
two elliptic-meridians ; let also the known latitude of the 
point A be denoted by L : it is required to find the lati« 

^ » - 

tttdeof the point B, situated oh the arc AB, perpendi- 
cular to PA; its longitudcj and the angle PBA or 
the azimuth of A, observed from B* 

Suppose at the two points A and B the vertical lines 
AM and BN, and make AB=y, AMzrr, NBi=r'. 
The small arc^ having r for its radius of curvature, it 
follows that a similar arc f^ the radius of which is I, 

will be i^. 

This being premised, if, from the point M as a centrci 
and with M 6= I , as a radius, the arcs a by apy pby be 
described, we s^all have the spherical triangle pa by in 
which the side p a=zq — L, the side a bzzf, and the con« 
tained angle pa 6=^, are known by the hypothesis; 
now, according to the principles of trigonometry^ 

cos. (pb)=iBin. L cos. fy 

tangf, p 



tang. P =: 



tang, b zz 



COS.. L' 

cot. L 
sin, f * 



These formulae are the same as those wliich have been 
denoted above by (B), No. 9 ; by comparing them toge- 
ther it will easily be seen that 

a-{pb)y bzzfy c=<? — L, B=P, C=6. 

It follows from this, and from the developements per- 
formed in the number above cited, that 

(p W=? — L +i *' tang. L, 






COS. L . cos.'L* 

6=;j , .fltang. L+i ?.(ftngf L (i+tang.« L). 
From th^ walw o(^ (p^ b^ ,we dedu/^^v for. an^ approxi* 
matjon ta the latitude of J3. 

g^(pi)=i;i--^f»tang,L; . . .j . 
The value of P is the differeac^^of iQngitudc between 
the two points A apd B, and the yalae. of & is the re- 
quir^a aziin^tb P B A4 ;.,:.. 

; To qbt^i^ ,the latitude, of the-pojijat jl^. mpre €xaQtIjF> 
it f rn^a^ be r^fuar}^ cd .that it is. .eq^ . to the compleoifiot 
of the angle P ISf J3 -gr of fto angleP jj^i B+NBM=;:p4:)- 
N BM; .butvbfc^use.t^e angj^^J^AM is. i^ery nearly 
equal to i|ie aijjgle NJ$,M, we^sb^U l^a^re - 

Krtm* MN COS.. li . . ., . 

■ r ' • 

T • . 1 - . * / 

M N is .easily obtained by means of the formula (8) of 
No. 4; for if we |raakew'==r, we sha^ ha ve^ independent 
of the siffn, CMzre* rsin, L. In like mantner for the 
point B,, the latitude of which is L', we.haye C N?=^* r' 
sin. L'; thus, very nearly, 

. , . MN=c* r (sin. L -^ sin. L')- 
liikewise, fropi the tri^ononaetrical jformul^, we 
liave 

Bin. L — sin. L'= 2 sm. ( — 5^ )^°^* ( g . 1 ; 
from which it follows, that . . '^ ^ •^ 

M N=:2 eV sin. li:^' CO,. L+il\ 

2 2 

On the supposition that L — LMs very small, the arc 
nay be taken for the sine, and t)ie cos; L substituted 

instead of COS. — — . It then becomes 

MN=c»r(L_L') cos. L. 



Now, if it be om$iderod that tb^ apprntimaliTe Iati« 
tade of B is h'zzh — -^ ^ tang L, we shnll have 
M N=e*r (L-^L-f if *tang. L) cos. L* 
:s:f ^nf^fattg. L C08» Ls^^e* rff^gin. L. 

Thence it follows that the imgle N B Mrr^ e* ^ sfa. t 
eos« L, and conseqttentij that the true latitude of 
Bs: J — (pB) — 4^ will be 
Ii'=r L — i ^ tang. L — ^ e* fl^sin* L cos* Lt 

Strictly speaking, the azimuth above calculated k 
eftly aa appfoitimatiem ; for the true arim nth of AB| 
^th respect tb the metf^n PB, is the angle fistiAed b^ 
the two platteii P N B and A B N, since their commoa 
iection or the vertical from the point B is tbe right liae 
B N : but we shaft demonstmte, agrteably to Delambre, 
that the oorrectipo of the aximUth is insea$lbl0« 

if the point B be considered as the centre of a spbete, 
the three planes ABM, NBM, ABN (fig. 60), form, 
hj their inteitection with the surface, a spherical trian* 
fie a'M n; now in this triangle we know the angle 
a' Mn ; which is the calculated azimuth. We also know 
the arc nMot the angle N B M +4^9 which is the correc« 
tionof the latitude; and because the angle AMB:=f 
we have, by considering the triangle A B M as isoscetesi 

the afc 4i' Vi^f "^ F ^ therefore, if I denote the connec« 

tiohof the aadmuth, and Z' the true assioiuth reckoned 
from the north, in which case Z' — |=fl'M« will be 
the approj(iinative asfimutfai wo sbaK^ as ii WcU known, 
kave 

4 ^ m, sin.(Z'— 

*"«• J^ sin. * — €». (Z' — COS. * 

fnm which 



OK tOPOGBAFHT. 145 



taiAg. (Z'-*f)=:tang. Z' cos* 4^ — tangr Z' (ang, ^sln. 4^ 



^ • . : . cos.(Z'— I) 

adding the tangent of Z' to both sides, and changing all 

the signs, it will become 

tang. Z' -^ tang. (Z' — f) = tang. Z' (1 — cos. 4^) + 



tang. Z' tang. |- sin. 4^ 

~* COS. (Z'^— I) 

If we clear the denominator^ tRe first member may 
be put under this form, .. 

cos. I (tang. Z'cos. Z' — sin. Z'}4-sin. $ (tang. Z' sin.Z' 
4-cos. Z'), 

and be reduced to ~I because tang. Z'zz — '—^ 

COS. Z' COS. Z' » 

■ 

and sin.' Z'+cos.' Z'=;l. Therefore, by obserring 
that 1 — COS. 4L= S sin.^-|4'f ^uid that I is very small, 
the preceding equation becomes, 
I = sin. Z' tang, i p sin. 4^+2 sin* Z' sin.* ^ 4^ cos. 
(Z'— «). 

It appears from this formula that{ is less than 4*9 "(vhich 
is itself very small : the correction of the azimuth 
may therefore always be neglected, which might other- 
iirise be calculated, since the true azimuthjzihe approx* 

imative azimuth +{• 

It results from what precedes, that, if L be the latitude 
of the point A, (fig* GO) ^ L* the latitude of the point 
B,^ the perpendicular distince A B from the meridian 
of A, and r th^ radius of the earth, or the normal at the 
point A, we shall have, by denoting the number of sex* 
agesimal seconds in the radius by R, 

L'=L— iR^ tang. L — |R e^^sin. L cos. L •-..(a). 

and reciprpeally 

VOL. I. IT 
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As t Oemtes the cllipticity of the earth, it is evident 
that the last term pf these fonDuIs may idmost always 
be neglected. 

The sane being preinised, we shall have the differeiMie 
of longitude of the points A and B by this formula^ 

P = -M- ( 1-i <tanff/ L ) i^i. 

and the azimuth of the arc B A or angle P B A will be 
Z' = y _ 5i? taog. L + i^^ taqg.L(i+tang.*L)(d). 

If L' only be known, the formula 5 (No. 9> nrnst be 
used^ and we i^hall have 

Z'=y -R ii tan^. L'— J R ^ tang. L' (1 + itang.* 

1,0.,...-....^ .....^ ^ c«)- 

It often happens that we do not immediately know the 
latitude L of the paii^ A ;. bat then we necessarily knaw 
the distance x from this point to the perpqndicidar of 
the prjuoipal place on the map : in this case, a mast be 
reduced into parts of a degree, and, according as it is 
north or south of this perpendicular, its value must 
be added or subtracted from the latitude of the principal 
place, in order to obtain that of the pcunt A. ThilB' 16« 
duGtion may he deduced with suflicient accuracy from 
the value off expressed in a functioQ of the latitude. L 
of the point A ; for, because 

f = i^ and r =: . ^ . ^.. (formula 1y No. 4> we 

have 
fTzy (1 — e* sin.* lu)l:s^y (J — i «* sin.* L^ ^ . .)• 
In this equation, y is understood as making part of 

the radius of the equators 1 ; but in praeti^ tliie nn 



j»» '. 
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dius=^; fiience it mil he necessary to substitute ^ 

tort/ J which will be reduced into seconds by thin ftll- 
mula 

and by substituting x for t/ we shall in the same manner 
have the arc x reduced : iatO' j^rls of a degree. 

For the latitude L ac-i waiji we hare sin.* L = i 
and then 

Lastly, on the hypothesis that the earth is sphericali 
;we shatl have e=0, there&re , . 

T "^ - ■ 

Application of the preceding Formula* 

XI. Let L=39' 41^24'^ the latitude of the poinf A 
Cfig 60^ and ^^25960 |>atds, the jj^erpeniJicular A B to 
tb^ meridian A F; feqtrtred the latitude of the point B, 
the difference of longitude of A and By and the asimuthof 
A observed at the point B, or the angle A P fi» 
' The radiu^ of currature r of the arpAfi^may/be 
calculated by the formula 

(1 — rsin. L)J 
Log. c* = log. 0.00597906 =: -'S.TFeeaSO 
Log.sin"Lz=log.sin>*39^4-t^^3 5l9>6ip5p34. LflOOOOOQ 

— 3.3871364 =:0.00fe4386 

J--er8itt/|/=i0*^i7l6?l 
'Log^^ *^-^«.... -.-*>,. =6.8i3Sf891 
Com. log. ( I— €» sm.* L)i =0.0005302 

hag. r=:6.8439193 
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Having found the logarithm of the radiiis, we shall 
now work out the latitude of B by means of the for* 
laala (a). 

Log. 5^=4.4143047 
Conap.log.rzz 3. 15608 07 

7.5103^54 



W.(^.) =^5.1407708 



Log. R"..=: 6.3144251 
Log. 0.5 =— L6989700 

0. 1541659=1 M* 

1st Term of the correction. Snd Term. 

M=0. 1541659 M=0.I54i659 

Log.tang.L=9.9l90369 Log.c'=- 3.7766330 

— 0.07320g8'=l".184 Log.8in.L=9.805^2517 

Log.cbs.L =^8862148 
— 3.62ii2654 

Latitude L;=39o 41' 24" 

I^^ Term 1.184 

2iid Term 0.004!^ 

39* 41' 22".8i I8=latitudc V. 

This solution shews that we might have neglected', the 
second term of the correctiou without incurring ady prac^^ 
tical inconvenience. 

For calculating (he difference of longitude, the equa* 
tion (c) may be used, and we shall have ^ 

Log.i ....=— 1.6228787 

• Lt>gY if).... =-5.1407708 

Log. tang.* L= 19 &380738 I.i 

— t).50l7233 =0.0000031748 

0.9999968352=:N 



1=00 1".1882 
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Log.N =—1.9999984 

I-og. R" .....= 5.3144251- 

J^og-^ =^"3.6703854 



»• it 



r 



• • * 



Comp. log. COS. L- . - . = OA 137859 

^og.P ^ = 279985941 =t9d6".77 • ' '> 

Hence the required difference of lon^iflide is 0^16f^Sir^ 

nearly* '-'' ^ '- ' - - '■ '/i»^>'> 

' There ^still remains to be found the ajSmuth of A dr tlie 
angle PB A, which may be^ done by means 6f the equai^ 
tion (d), from Tvhich results the following computation s' 
Is^ Term of correction, 

LofrR"-... =53 144251 ''"';' ' o^ ' 

I-og. ~ = —3.5703854 liog! tang* L = 1^.8380736 == O.W87T 

Log. ,taflg.L =^09190369 * . * /.QW4887r 

^<d.80;58474=:'636".57.* Subtractive 

• . '• . .. •• , - . ' 

2/z(fTerm. 
Log. ^ . . . . =— 1 ;;5298r87 
Log.. R"..= 5.3144251 

Log.4Ll^. sr--8.711i568 

Log.Q...= 0.075097 9 

■ ■i-3.6836579=0".O04a)S Additfw 
Wis have therefore 
1»* Term —636". 57 > 90» 
9nd....+ 0".0048? 0' 1 0'96*'.5 -'' ,: 

=89 49 as .5 for the azim. req«. 
The total correction of the azimatb=10'36".5 veiy 
Dearly is also called the angle of conTet^genos of the 
meridians FA, PB. 



_ . Q - 

7/ Subtractive 

- . ' 

' • • • ' • > t , . .1 

• I » ...''. • .4 . { 

> " ■ 1 • . • 

• . t 

* / - . ■ . 
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« 

Denehpement of Legenire's Method for Finding the Equar- 
turns bfttpeen the Lengths of Terreetrial ares and the 
tdititudes of their M»tremties. 

XII. The deteraiiiyatioii of the exact leafth of a meif* 
dian has ip nil ti^es occupied the laost disting^uislied 
gcometejcs i aoii whea it was proposed to establish the 
metric system in France, it became again the object of 
the most learned re^earche^. The nature of this work 
does not permit us to enter mnch into details on that im? 
portant subject ; but we shall endeayour to represent 
clearly one of the most elegant and accurate methods 
that has ever been proposed relative tq the measure of 
the earth. If a concise explanation would be sufl^ient 
fiur persons who are not much yersed in analysis^ it 
trould only be necessary to refer them to^ the excellent 
memoir of Legendre $ but, for siich persons, illustrations 
may not be superfluous ; it is therefore thought, that, by 
re-establishing in a simple manner the intermediate steps 
of the calculus of that, distinguished geometer, young 
mathematicians will more eiufly ^^mpxehend his mc« 
thod. 

l4$k^htihc79Ldi^9.^Kqf the equator fjig. &)) b the 
semi-axis or polar radius C P, 9 the radius vector A C, 
and f the angle P C A. 

If C be the origin of tfarco-#idtiiate9| and C £ tba 
OTJtiOf th^ absolves, we shall evidently have 

^:r«siBN. 9yjf:=iV cos. ^j 
mA'% suppottflg fisst thatP A.£ isi siA elliptic am^ the 
equation of the points will be 

which being transformed into that of the polar cP*ordi* 
nates, becomes 

4»«» cps.' ^+6*^ sin.' ♦=fl'6'} 
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from irUdi Wf ofateiii 

«^= 

I^et « be the eHiptidty of the etrth, tiuit is, fhe tmoni 
of the greater over the less axis, denoting the gCHltt bjr 
uaiiy. We shall have on this hypothesis^ 
i=a(l-— a); from this 

"" 1— (2 a — rt')sin.*^* 

and by taking the sqaare root, 

«=r6 [l+(a — ■J^tf»)8in'^+|«'8in.*^]. 
by limiting ourselves to quantities of the order o^. 

For the sake of abridgement, this equation m^y b^ 
written thus : 

v=:d(l +«» sin,'f +iisin.^f) .«• (A)« 

This equation will therefore be identical with the pre« 
ceding one, if we have 

mzza — \o^y 11=1 «■ 
Of as in differs very little from a^ if it=i m*. 
JLdding together the two equations above, gives 

m+iii=a+a*;* 
So that, when we know m +»> we shall have the value 
of the ellipticity. 

The most general hypothesis that can be assumed for 
the nature of the curve of the meridian is expressed by 
(A). It is confirmed by numerous investigations on the 
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* This first result is not absolutely the same as Legendre^, be* 
cause this geometer has supposed osr:^ (!+«')» ^hat is, he has t^ikeo 
the less axis as unity. Oq this latter hypothesis we should have 
^i(sii'-| »'%«isf flf% and fn+fc=«'. At all events^ it is evident 

1 1 

that if A'hra-be the elliptioiQr relative to the smaller a»S) ^r;^ s » .i 

wUl' be the ellipticity when referred to the greater. 
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theory of the aqQiIlbrium of fluids ; and/if the condition* 
ary equation n^^ m* is not fulfilled in that circumstance, 
it will serve at leaU to enable us to judge bow far the 
figure of the meridian approaches that of an ellipse, and 
to indicate that n is of the order m*» 

This premised, let S be the arc of the meridian con^ 
prised between between the two radii vector a, v: and 
we shall have in general 

To render this differential of the arc a function of v 
and f, the differential calculus mny be applied to the 
equations <r=it} sin. fjZ/zzv cos. ^, regarding t and ^ as 
Tariable quantities, and we shall have . 

dj7=vcf^ cos.^+ dvBxn, f, 

dt/zz — i?<fpsin.^+(/t)co8. f; , 
which being squared, added together, and reduced, will 
five 

It is obvious that the arc S diminishes when the ra- 
dius vector V increases, thus 
dSzz—^iv'^dip^'^dv^). 

Extracting the root, and observing that as dv is of 

the order a, we may stop at the quantities of the order 

m^ inclusively, we shall find 

dv* 

dS =z — vd^ — -—I 

2vd(p 

bntthe differentialof (he equation (A) is 

dv-rib (2 in sin. ^cos. ^d/^H-4 nsin.' f co^^fdpy, 

squaring the whole, and dividing by^Dc/^, we shall 

have * 

dv'^ 46*m*8in.*^co8.'©d^* ^, , ,. , 
s — TT^ QA^^ ^T^ . ^^7 =2&a?m*sin.>cos.> 

by neglecting the other terms ; therefore 
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(iS:::~vdf — ^ , 

^^hdf (I +m stD.^ 4>+» siiiA ^+2 m^sin.* f C0l.^ f). 

In order to integrate this equation, the qufintitjr wilhia 
the parenthesis majr be put under the following form ; 
that is, all the sines may be changed into cosines, 
1 +»i sin.*f +« sin.*^-H2 m'sin.* f cos.* f 
=:l+»i4-n4-(2m*-— 3 w— *iw)cos#*f+ (n^— 8 m^)c09.^^; 
or, for the purpose of abridging, . 
r:M+N cos.*f +P coff/>. 

If we indicate ptfly the integration cf the abcfre for* 
mula^ we shall have 
8=— 6 {Ufdf+Nfd f COS.* f+Vfd p coB^f). 

Bni/dfzzf 
fd f COS.* pzzifd f COS. 2 9+ifd ^zr J sin. 2 ^,+i ft 
fdpcos.^p=:^fdfc^. A9'^ifdfjc69.2f'^%fdp ' 
=-^ sin. 4^+i sin* 2 ^+| ^ ; 

thereforeS=:— i^(M+iN:fiP)— 6(iN+iP)8in.2f 
— * ('Si P) sin. 4 ^ + constant quantity. 
Restoring the values of M, N, P, we. shall bave^ 

+ * (i »» + i II) sin. 2 9 

•f ^ f ^ — ^ jsm.4 f+ const, quan. 

The constant quantitity is determined by making ^=^1 
q denoting a quadrant ; now, in this case, S==&, sin. 2 ^ 
z=0, sin. 4 f =0; ai^d therefore the constant quantity 

It follows from this, that 
• S=i(l +1+^+4) (,-,) 

in. 2p) 



+ * (i »i + i«) sin. 2 p^ 
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It is now proper to introduce for the angle ^ , ^he lati* 
tnde L of the extremity of the arc. To accomplish this, 
fuppoie tlie ladiua ^^ctor C R (Jig. 0U to be infinitely 
near in C A ; and from the point C aa a centre^ with a 
ladiuf AO9 describe the ate A Q, which maybe consi* 
dered as tensibly eqnal to a chotd perpendicular to the 
radius vector AC Sitppose alsathe fight line A R to 
b^ataagieaA to the e^rve at the point A^ and produce 
the right lines C A and LA to» Z ; then it is evident 
that the angle C A LrsZ AY, will be very nearly equal 
<0 file angle R A Q. 

This being premised, let CALr:i», we shall have, 
by preserving Ibe-same denominations as above 
L=:j2^— f+^'f from which ^^n^+L-^-y; 
therafore, tang. «|^r=tang. (^+L— 9). 

Oa the other side^ the triai^le O A Q^ supposed right- 
angled at A, gives A Qs^t df ; and as the triangle A Q R 
it seaaiUy n^t*angled at Q^ and Q R=i/t^ we shaH 
have 

-if jf 
tang. Q A R or tang. 4^= — tang. (f+L — j). 

The angle 4^ befaig very small, we may without sen- 
sible error make 

Froffk this results 

L^q — f-^ — -g— 9+2sin.f cos^f 

[m + (2 n— w») sin.* f ]> 
or because 

o • - -. J. . 9 1 — COS. 2^ 

r sm. f COS. f =:sin. 2 f , and sin.'^s: ■ ■ — r 

L=;— f + (m+if — ^ni^)sin. 2p 



( 
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Now, to fiad ^ ia a function of h^ H viay |>e. remarked 
that we have first, ver^ nearly, f^^^L, consequently 

Mil. gf s:«in.-(8f-^S L)rrdlii. 3 L ; 

These two last ▼alttes'beteg intiodaeeil into the equa» 
tion (C), we shall have, in a mOAo^ nore approximative, 

or, for abridging, fzzq — h +x ; a being eytdentlj a yer^ 

small quantity. \ ' 

• • - v • 

Substituting again this last quantity in the tame equa* 

tiob (C), w« shall Uaye, foraiiearisr apfNro;fciiiialioD, 

+U ^^— i n) siq. (4 j— 4 L 4- 4f ) ; 

But 
sin. (2^— » L+fi »?>r:»rn. i L— « sc^^li^ > j^.^^ 
jsin. (4j— 4L+4a^)p— sin.4lj+4.rcos.4I^ . ) '* . ' 

Thercfbite 

(fizzq-^L + Qn + n— -^) (sin.SL^S««o«.«Lj 

"i w' — o ^ *(— #in.4 L 4-4 J? Cos, 4 L). 

Developing, always stopptog at qttaiititi^s of {be same 
order, and eliminating! iTi w« tballpbti^in^'^efiaitiveily, 

f =j-L+ ^ »+it^ |-' )8in.8Lr ( f «* -"|^j)?w4 1*5 

or, for abridging the work, let f:si? — L+y. 

This valine beipg subi^tu^ed inv<the eq^tioiH denoted 
by (B,) we shall have, becauseoFiJit fotraulfle (D) and 

• frWI • fir.- 

g ac^w+ii-.^ ) tin.SL-^(it»<» ^j tin. ^'L, 
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S=*[( I + 1+^+^ ) L--J(«+«) 8in.2L 

+ i^(m\-iw)^m.4L]. (E). 

Let M denote a quadrant of the meridian^ we shall 
have, by making jLi=^ v^^ it being tbe semi-cirpumference 
of a circle whose radiuszzK 



.S = M = 6(l+^ + 



3« m* 



)j*j 



mnd therefore 



. 3n ,7n'\ 



(F) 



(i» +»){i +?+ " 



If m + If 9 the co^efficient of sin • S L^ and m?-^ -~ ^ the 

co-efficient Qf sin. 4 jL| be divided by the second memr 
ber of this equation, and the Very small terms veglect- 
ed, the quotients will be respectively 

thOiS; T«ry nearly, 

iirom thts, the eg^iatioii (E) will become 






i'*" 



-*] sin. 2 L 






Therefore, if S' be another arc terminating one way at 
the latitude L^> an4 the oth^r at theequatori yre ahi^ll 
evidently have 
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L' — L , / «+«■ 
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m' 



i« 



) (sin. ? L' — 



Sin. ? L) +||f?^=i!?) (sin. 4 L'— sin. 4 L)l. 

I 

Such is the equation which giires the rclatiou of any 
arc S' -^ S of the meridian, and the latitudes of its ex- 
tremities. It appears that, from this equation, the length 
of a quarter of the meridian M, may be immediately 
obtained when the co^efficients fit and n are known. 

If^ in order to abridge the expression, we make 

wc shall have 



S'— S= M ( ~^ — p (sin. 2 L' - sin. 2 L) 

+y(8in.4L'-sin.4L)) , -(G). 

In this equation, p and q may be regarded as the un- 
Jkiiown co-effieienU ; and as q is much less than jp, there 
is not any impropriety in neglecting, at first, the term 
that contains q. 

Let us call L, L', L", L'", L"", the respective lati- 
tudes of the parts P, P', P", P'", P"", situated on the 
same meridian, and suppose L <JL' <lL"<L"^<5L""; 
also call S, S', S", S'", 8"", the arcs of the meridian 
comprised between the equator and each of these diffe- 
rent points. The preceding equation, applied succes- 
sively to the two arcs, S S", S'' S"" will give, by neg- 
lecting 9, these two equations, 

S''— S:= M ^' — M p(sin. 2L"— sin. 2 L), 

SHI/— S»=M ^''''f"^'' ^Mp(sin.2L^^*^~sin. 2 L") ; O^^^ 



** 
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from which it i¥ill be easy to determine the valties of « 
and /7, which ought to be already very near approxima- 
tions, since only the quantities of the order c^* haye bees 
neglected^ 

iet W and p^ be the first approximating values of M 
ftndp ; then, to have tbem more accurate, we may make 
M^M^l -fa?), Mp = MV(1 +^), M f = M*r; 
and, by substituting in the general equation (G) the quan- 
tities relative to the four arcs SS", S" S"", SS"', S' S'^", 

we shall have the four following equations, vijj. 

S"_S V^L , 
-jjr-= -j^ (I +^) —p'Cl H-4<) (sin. 2L"— sin, 2 L) 

+ s (sip. 4 L'' — sin. 4 L), 

-'jgpr-=-^Xir"^^ +^) -1^0(1 +^)(sin.2L»^-.sin.8L'') 
+ z (sin, 4 L^ '— sin. 4 L''), 

S'"— S L'" L 

-j35r-=-T^. (1 +^)-p* (I +4^)(«in. 2 L^f— sin. ? L) 

+ z (sin, 4 L^" — sin. 4 L), 

S'^— S' L»^ L' ' 

-^jT-^-T^i^ +^)-p\l +^)(8in.2Li-~sin.gL0 

+ « (sin. 4 L^^ — sin, 4 L'). 
But M^ and p° having been determined by the eqi|ation$ 
(H), it is evident that the first two equation! abovp w|U 
be reduced to 

L"— L 

0=-— a?— y(sin,2L"-sin.2L) + s (sin,4L''-sin.4L), 

0«?l!ld!:L^-«y(sin.2D'-sin.2L'0 + 2 (8^^ 

so that we shall have four equations of this form • 

Ozzf X — gtf^h z 

Ozzfx-^g'Sf + h'z 



/ 



ON TOPOGRAPHY. i59 

from which the values of Xy y. and z must be found. In 
this kind of analysisi of which astrononiical questions 
afibrd many examples^ it is not necessary to attempt to 
resolve exactly three of the, equations, which would cause 
alLthe error to be transferred to the fourth ; but we must 
endeavour to compensate the errors in such a manner 
that they may be nearly equal in each of the four, which 
will not be attended with any difficulty when the numeral 
coefficients are substituted. ^ 

The value of x being known, we shall immediately 
have the length of the quarter of the meridian M=:M* 
(1 +<r), which is the chiefobjectof the9e investigations.— 
Then the values of ^ and % will afford valuable notions 
relative to the figureof the meridian. 

We shall first have 

or simply, by performing the divisicms, 

p=p* (I -k-jf— x)y y =«. 
But we have made 






P=i r— 5 J = ii 



2 ■« jj 



Therefore let i p « + if j »=:it* ; we shall have ^ •=. 
^fn^-^fn, from which m=ift — 4 m* ; and as m is very 
small, we may, for the first approximation^ make mzzfi; 
then more accurately 

lastly, fr^m the preceding value of y, we obtain 

it=r2 m* — if 9 «r. 
The quantity m -f 9t is therefore wM known. Thus, 

from the pteceeding Note, we hate 

1 

Tktfftfoie the value of the. elUptidty of the earth is 



m +n z: a' zz — 
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a zz 



c4-r 

Finally, if the curve of the meridian, the cfquation of 
which is t) = 6 (1 + m sin.* 9 + n sin/^), 
be an ellipse, it is necessarjr, as has already been remaf k- 
cd, that n — ^m* z=:Oj or, which amounts to the same, 
that the equation ^ m* — ff 9 •»• = , may be fulfilled. 

As to the value of the semiconjugate axis A,' it may 
evidently be obtained from the equation 

3 

and then, by this formula 

J = fl (1 — tf), 
we shall have the value of the equatorial radius a, which 
has been denoted by ^ in No. 10. 

XIII. It would not be difficult to prove that the nor- 
mal A M = r (Jig, 60) has for its expression 

rzz6(I + 2 m — m cos.* L). 
Then, by the method followed in No. 10, we shall obtain 
CN = ^mr sin. L', MN = mrf^ sin. L, 
angle N B M = »i ^ sin. L. cos. L, 
and it may be concluded, that 

L' = L — ^ fUang. L — m ^' sin. L cos. h» 
Reciprocally, we shall have 
\ L =: L' -f i ^* tang. L' + m ^'sin. L' cos. L', 
by preserving the notation in the number referred to. 

After demonstrating and applying the formulas of Le- 
gendre, for determining the latitudes and longitudes of 
places situated upon an elliptic spheroid,, those of Delam- 
bre, on the same subject, will be indicated in this place, 
as they are very accurate and very convenient forcalcula* 
tion. The reader is referred for their demonstration to 
the excellent M6thodes Malytiqu^s pour la D^termifUh. 
tion ffun Are du Meridien. 
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The difference of the methods employeil by these two 
geometers, for calculating the respectire positions of pla->, 
ces on the earth, consists in this : Legendre adopted for 
the distance between two points, the arc of a great circle 
comprised between their verticals ; while Delambre took 
^ for this distance the chord of the same arc. Indeed, the 
excess of the arc above the chord is often insensible^ia 
geodesic operations, even the most delicate ; yet^ when we 
aim at great precision^ we ought not to neglect jt« Now^ 
if the side of a spherical triangle very little curved be 
denoted by 6, for a sphere of which the radius r: 1, and 
the corresponding chord by A:, we shall have by the first 
series (A) No. 9, 

6~2sin.iA=6^"*=-|l. . 

When B is the length of an arc and K that of its chord, 
for a radius = e> we have evidently 

o s: — # 

B? 

therefore h — A or g = -5*5 — j-. 

e 
Such is the excess of the arc above its chord, on the 
supposition that h makes part of the radius taken for 
unity ; but that excess will be given in thp same measures 
as the radius of the earth, by multiplying the value of 
e by g ; that is io say, we shall then have 

B ~Kor2 = A-y-- 

Lastly, we shall have £ in seconds by means of the 

„ B' 

formula -it B"— ?-- 

(C 

This being premised, let 

VOLt !• t 
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p be the arc expressed in seconds, corresponding to the 
chord k of a terrestrial arc, that is, to a side of a tri- 

angle. 
L the known latitude of one extremity of the chord K, 
L' the required latitude of the other extremity, 

M the known longitude ) reckoned from the south towardi 

M' the required longitude ^ the west from o^ to 860^ 

Z the known azimuth ) 

• 1 . ^i_r reckoned from the same ; 

Z ' the required azimuth ) 
tee shall then have 

^= ?Lil(l — Xe*sin.*L). 

L' = L — (f COS. Z +i f sin. f sin.* Z tang. L) 
(1 + c* COS.* L). 
Z' zz2 q + Z — f sin. Z tang. L' — ^^sin. fsin. SZ. 

M-^r , sin. Z 
' =:M + 9 rr- 

COS. L' 

By making Z =z q in the last three equations, and sin. 

f = f , the first terms of the analogous formulae. No. 10, 

will be found again. 



Measure of a Base. 

Ground cannot be every where found which is conve- 
nient for measuring long bases. In fact, we rarely meet, 
even in the finest plains, with an extent in a right line of 
several leagues, without obstacles, or without sensible 
inequalities, which prevent the two extremities of tba^ 
right line from being seen from each other. 

The longest bases that have hereto been measured did 
not generally exceed thirteen or fifteen thousand English 
yards, or thereabouts ; that which has lately been mea- 
sured in Bavaria was 11107 toises, about 23669 English 
yards^ but this length can seldom be attained. Besides^ 



« 
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great length alone will not suffice for bases, and it is also 
requisite that they should be properly connected with 
two summits^ at least, of the chain of triangles. 

Indeed it is to be wished that bases were always con* 
nected with the summits of the chain by equilateral tri- 
angles ; bat this cannot generally be done ; wherefore we 
must coniine ourselves to making them as long as possible,' 
and be satisfied with isosceles triangles, or sach as are 
nearly so. 

This shows the conditions to be fulfilled in the choice 
of bases ; the most convenient spots for them aire gene* 
rally found on the borders of the sea, on the banks of ri- 
vers which have but little declivity, across passable 
marshes, or along roads ; obstacles frequently oblige us 
to deviate a little from the right line ; then the base is 
forifned of two lines which make ain, angle very nearly 
equal to 180^, and in this case it ought to be reduced to 
a right line. 

The methods of measuring long bases are various; 
sometimes they are measured on the ground, or on a kind 
of bridge elevated above it ; sometimes, too, a horizontal 
line is followed, or else, the inclination of the ground 
when it is uniform ; in which case, this inclination must 
be reduced to the horizontal line. The latter method, 
when it can be employed, is preferable to the former, be. 
cause the small errors which necessarily result from the 
change of level are s^voided. 

In all cases, convenience and cfxactness should be 
sought ; for, tliis operation indispensably requires such 
an accuracy as will answer to that given by the instru- 
ment which is used for measuring the angles. 

In order to measure a base on the ground, the surface 
should be smoothed and levelled, which is not always 
practicable. To trace the base, poles ^re fi^ed in the 
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ground at proper distances from each other ; the best in- 
strumeat that can be employed for jdacing them in the 
requisite direction is a Transit instrument^ but others 
i9ay be used. These poles are not suffered to remain du- 
ring the whole measurement, ^ they would run a risk of 
being carried away, but piquets are driven into ihe ground 
at the places where they staad, and poleaare substituted 
afterwards fur these piqueisi as we advance iu the opera* 
tion. 

Rods of various materials have been employed for mea- 
suring bases : the English used glass rods for the mea« 
sure of the base on Hownslow Heathy Rods pf deal, of 
iron, and of platina, were employed for measuring the 
two bases which served to determine the arc of the meri« 

■ 

dian by which the length of the metre was fixed. 

Peal rods appear to be tiie least exact, oa account of 
their hygrometrical variations. But if the precaution 
be taken to boil them for along time in someoilly natter^ 
and then to cover them with a thick coat of paint, the 
different states of humidity of the atmosphere will not 
affect them, and they will not only become as good as 
metal rods, but prove much more convenient, as they are 
lighter. It msy be added, that they expand much less 
by heat than metal rods, wherefore they are preferable 
to them in that respect. They should be properly sup* 
ported so that they may not get bent. 

Three, four, or five rods are generally used, and 
their extremities may either be brought into contact, or 
not suffered to touch each other, as has been lately done 
in France, with a view to avoid the recoil that may be 
produced by bringing one rod into contact with another 
already placed. But then, it will be necessary to mea- 
imre with a vernier the space left between them ; besides, 
it is scarcely possible that any rcfcoil may take pbce, if 
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one rod is brought to press gently against three or four 
which affoprd a considerable resistance. 

The most important operation, perhaps^isto determine 
exactly the tptal length of the rods in common measures 
lyhen they are placed end to end/ ivhich the French call 
pffvUes: for this purpose^ a standard may be constructed 
on the ground, aa has been done in Bavaria. 

Great care should be taken in measuring bases, not to 
commit any mistake in reckoning the potties y for this, 
1^ line or chord is used, Tvhich is made equal to a certain 
number of j>or^^ef, and senrei^ for placing gradtially, as 
-we advance, poles i^hich indicate the number of portSe^ 
that have been passed over. 

When rods of WQod or met^l are used^ it is necessary 
to take an account of the variations of the thermometeri 
as it vill afford the means of bringing the wimple lengtl^ 
pf the base to the ^ame temperature. 
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PART II. 
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PORTATIVE BAROMETRICAI^ TABLES, 

Giving the Difference of Level by a Simple Subtraction ; 
with an Introduction, containing the History of the Ba- 
rometrical Formulaf and its Complete Demonstration by 
. tht Simple Elements of Algebra. 

BY M. BIOT. 

^ • 

TRANSLATED AND ADAPTED TO ENGLISH , 
INSTRUMENTS AND DIVISIONS. 



PRELIMINARY NOTICE. 

About one hundred and sixty years have ^lapsed 
since Pascal, having caused TorricelU's barometer to be 
carried to the top of Puy-de-Dome^ remarked that this 
instrument presented the means of levelling the most 
distant places. 

This first idea was not abandoned, but in order to 
render it applicable for ascertaining the lengths of the 
columns of air passed through, according to the dimi- 
nutions observed in the column of mercury, many ele- 
ments still remained to be determined. We had the 
balance, but knew not the values of the weights. The 
first thing that it was necessary to know was the law 
of the condemnation of air under different pressures. 
Mariotle in France, Boyle and Townley in England^ 
found from experiment that the density of this fluid is 
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proportional to the compressing weight* This law is true 
only when the temperature of the air retnains constant ; 
but attention was not then paid to this important re- 
striction^ which, in fact, could not be indicated by ex- 
periments in which the compared volumes of air always 
had nearly the same temperature. The law of the compres- 
siqn of air being known, Halley made use of it for calcu* 
lating the decrease of density in the beds of the atmos- 
phere at different heights; and he thus discovered the 
mathematical formula, by means of which the difference 
of altitude of two stations may be calculated from the 
heights of the mercury in the barometer, observed at 
each of them* Newton, in his Principia, perfected that 
theory by showing what regard was to be paid to the 
diminution of the gravity of the molecules of air, ac- 
cording as the distance from the surface of the earth 
increased.' But^ what is very remarkable in so scru- 
pulous aa observer of nature, he omitted also to con- 
sider the effect of the variations of heat, and of the pro- 
gressive decrease of the temperature on the density of the 
beds of air* At this time observations of the barome- 
ter and thermometer were not even employed in the 
measure of astronomical refractions. It was Bradley, 
Mayer, and Lacaille, who began to introduce these 
corrections about 1750 ; until then, the only method was 
to use different tables of refraction for summer and winter. 
The barometrical formula, without the correction 
which renders it applicable at all temperatures, could 
only furnish a very imperfect approximation. Thus, 
the philosophers and astronomers who endeavoured to 
apply it, found that it succeeded only in a few instances, 
and that, in general^ it was subject to considerable errors 
which did not appear to follow any law. Different hy- 
pothesis were formed by some for explaniog these irregu- 
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larities, and others concluded that the formulia. was abscN 
' lately to be rejected. No person thotight of the true 
canse ; and this omission is very e:SLtraordinary when we 
reflect that Bouguer and Lambert, two meii of the most 
singular merit and di^rent talents, the one an ingenious 
and accurate philosopher, the other a most inventive and 
acute geometer, were both much occupied with the ba«> 
rometer and its application. 

It was M. Deluc who at last discovered the source of 
all these anomalies ; he sought in the observations them- 
selves the correspondence between the temperature of the 
air and the corrections which the formula required. Nu- 
merous experiments on the comparative expansions of 
air and mercury enabled him to perceive the law that 
those' corrections ought to follow, and the intensity which 
should be assigned to them. 

This remarkable discovery, by giving to the barome- 
trical formula an unexpected accuracy, animated the 
2eal of philosophers, and barometrical observations were 
multiplied. Dr. Maskelyne undertook to translate the 
new formnla into English measures. Mr. Playfair add- 
ed a correction for the variation of gravity in different 
latitudes. Sir George Shuckburgh, by very exact mea- 
sures, verified the results of M. Deluc, and gave them 
a greater d.egree of precisiop. General Roy also made 
an application of it at a great number of places in the 
Britannic Isles. The Alps were levelled by M. M. 
Saussure and Pictet; the Pyrenees, "by M. Ramond, and 
the Andes, by M. Humboldt. The barometer, rendered 
portative, became an indispensable instrument to all well- 
informed travellers. 

However, notwithstanding so many successful applN 
cations, the theory of barometrical levelling wasfarfrom 
being brought to its most simple terms. M. Deluc had 
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adapted tbe constant co-efficients of hi» formula to k 
certain temperature, vhich he called the normal tempera- 
ture^ and which he had fixed from the condition^ that, for 
this temperature, the diflPerence of level became a decimal 
multiple of the diiSTerence of the tabular logarithms of the 
observed barometrical heights. All the corrections rela^ 
tive to temperature ivhich the formula required^ commen- 
ced therefore, according to M. Deluc, at the normal temi- 
perature ; in consequenceof which this point of commence^ 
ment changed whenever the formula was applied to any 
other measures than French toises. These variations 
were very incoAvenient, and it appeared much more 
iiatural to make all the. corrections commence. at some 
fixed term^ as the freezing, point, which is given by exr 
perience, and common to observers of all countries. 
This is what Laplace has done ii| a chapter of his Mi^ 
canique c6lestej in which he has established the barome- 
trical formula iipon the most simple ai^d f^pcurate data. 
He determines the correction for temperature, relative tp 
the expansion of air, according to the experiments of M. 
Gay-Lussac ; but he has modified his results in such ft 
manner, as to take into the account the humidity of the 
.atmosphere ; and, what is very fortunate, the surp of thfs 
correction and the coefficient of the expansion of ^irjs 

just equal to ^ With respect to the expansion of 

mercury, Laplace employed the valines he obtaii^ed in 
conjunction with the illustrious Lavoisier, ^n experiments 
on the expansion of bodies, qf wrhicl^ there unhappily 
remains only a small number of results. Finally, he de- 
termined the general coefficient of the formula from baro- 
metrical observations themselves, by combining for thjs 
purpose a great number of experiments made in the Py- 
renees by M. Ramond, "with a care 9!id >dP accuracy th^t 

TOL. !• z 
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leaVe notliiii^ to desire. The yalue of tkb coeCtfient bw 
since been confirmed in adire<it tnaiiBerby theexpeiitiiaats 
made by M. Arago and mjself, <m the eoiiipan^i¥« 
ireights of air and merenrjr ; lO tbat all the elements of 
the barometrical formula, the research of ^ich has cost 
ttavisllerb so mnch labour, migU bare been obtftined di*- 
ttcWyj and With ai mnch accnraicyy without going out of 
the chemical laboratory; Lat)lace's formula, founded 
npon data so exact and So tibly combined, represents 
6bie)rv2lttott6 better than any other in which these adran* 
tages are not ynited. The rigt>rous pioofs to whidi 
M. M. Raniond and Daubnsson have submitted itexpm* 
inentally, proved its utility. It still i«m«uwd, liowvvet^ 
to rendet the observations eoxnpand>!e With each othctv 
though made with different barometen. But Laplace Ina 
^bown ihtil the differeht indicatiUns c^ tliesii instniments, 
in cireum^tances otherwise e^ual, are tbe eflbi^ 0^ oip* 
pillary taction, and he has given tables fof correcting this 
tffett. 

The b&tomttrital fetmula being thus improved, ^ 
tathet pferfo^ted, 6bservatiMS with the barometer hav^s 
been considerably multiplied, and tarried t6 % degfM of 
precision almost incredible, as the observers Wism guided 
by accurate rules ; We may now entertain a bope, that in 
the space of some years the general levelling of Europe 
will be obtained ; ^ and we may undertake, agreeable to 
'the idea suggested by Laplace, to add tott^ latitHfeafii 
longitude of citi^ their height above thfe letel of the ttM, 
as a tbird co-ordihM6 Whieh would cdmpleteljr 4eMttn!l«e 
their positions. 

Jn order tb hWai ^h idea, I hav^ $it8ei4e4, in tlieCnt 
edition of my atttoiidniyv tables by wM«A wetoiglitfttd 
ditectly the htight Of a flaceubbte the level #f Mie «ea, 
tm tbe suppDtf tion Ibftt^ fi^in a 'grisM tfm^r of t>biemi- 
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Ifeni madb at tlM same place, the mean heights of the 
barometer and ttiermometer had beea determined, I 
have had the salislactkm of knowing that these tabloe 
have been useful to maiiy observers^ 

Since that time, anastfonomer known by his accuracy^ 
M • Lindefiau) has publisbed barometrical taUes oa a 
much more extended plan. They show the difference 
of kvel of any two stations whatiMrer, where the eOfie# 
sponding heights of the barometer and thermopieter hava 
been obser redi Bat^ though these tables are v^y useful 
for calculating barometrical obseryations in the study, 
Ibe space they occupy, which is 170 pages, 4oes not 
permit them to be conveniently carried in mountainoue 
journeys ; and still less to be used at the places them* 
selves. Horsley and Sehuckburg have also long sinee 
attempted to calculate tables fr<Hn the formula of Deluc s 
but their work, inserted in the Philos<^hical Translations, 
wahts one essential quality, which is, simplicity. Com* 
plicated tables can be consulted only by persons acctts« 
tomed t0 4:aleulat!on, and for these the best of all tables 
is the Ibrmula itself . 

M. Oltmans, a young astronomer who has made him* 
self known by a rare and singular devotedness to numeri- 
cal calculations, having undertaken to calculate, by La* 
place's formula, the barometrical observations which M; 
Humboldt had made in his celebrated travels between the 
tropics, was naturally led by this great undertaking to 
desire tables for abridging it. He constructed some 
which are very remarkable for. their simplicity, without 
causing the formula to lose any of its rigour ; he has 
succeeded in bringing it into three tables of a double en- 
try, which are contained in cmly fourteen folio pages. 

Th0 heiglit is calaulated by^iivple additions wd ^*^ 
' tractions. But it is necessary to eater the tables four 
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times ygifiih difleient arguments whidi are dedttoed suo 
cewAvely one from another; tkis r^uires an attentkm 
always yery difficnit to an observer wfad is not accuA* 
tomed to the use of astronomical tables* It is besides 
Tery inomyenient to Fiench observers^ as these tables 
suppose the height of the barometer to be observed in 
lilies, and give the difference of level in toises. This 
construction necessarily requires troublesome reductions 
when the observations are made in parts of the metrical 
wsldf which is almost always the case at present in the 
French barometers. 

The publication of a second edition of my astronomy 
having made it a duty that I should investigate with great 
eare the most simple and accurate methods for all kinds 
of application which fidl within the object of that treatise, 
I have endeavoured to perfect my former barometrical 
tables, and to render their utility more general* I was 
above all desirous of rendering them so simple and com- 
modious, that philosophers, naturalists, and all well-in« 
formed travellers might carry them in their journeys, 
and make use of them upon the spot for calculating* their 
observations. I hope I have succeeded in this attempt, 
but experience alone can decide* 
. I have considered first, that, for persons little accus- 
tomed to the use of tables, a very short and simple arith- 
metical computation was preferable to the use of several 
tables which it would be necessary to consult with dif- 
ferent arguments. I have, therefore, thrown into this 
form the correction for the expansion of mercury, and 
that for the latitude. The first requires only the observ- 
ed barometer at the colder station to be reduced to the 
temperature of the warmer, by adding to the barometri«- 

cat column — v^ part of its length, for every degree 
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of Fahienbdit's thei^Al^Mt^^r^ The porrectioii for the la- 
titude is nothing at^tiie paraUel of 45'' i it will be almost 
always insensible in qbserratifcms nuide in Europe, and 
naturalists have noiaoyocoamon to take it into the ac<* 
(count in their travels. But^ as it may become necessary 
lohave respect to it in very exact observatioi^s^ I have 
inserted it in ajmaU table of fractions of the: height whtdi 
mast be added aooording to the different l^itndes.' « ' 

Suppose, now, that the heights of the barometer and 
thermometer had been observed at two stations unequally 
iterated, the calculation of the difference of level woutd 
be'iediiced to two very simple" and constantly uniform 
operations* * 

, With the sum bf the tem^ratures and the height of 
the barometer observed at: the upper station, the table 
is to be entered, and the number corresponding to thi$ 
given quantity taken. 

With the same sum of the temperatures, and the ob- 
served height of the barometer at the lower statioii,^ the 
same table is to be entered again, and the corresponding 
number taken. The difference of these numbers is the 
difference of level. If this difference be greater than 
SISO yards, there is another quantity to be added, which 
is found in the same table, and always by the same pro- 
ceedmg. This suffices as far as 4S60 yards ; but the 
use of the table may be extended indefinitely by a similar 
proceeding^, and the calculation never becomes more 
complicated* 

. Such ; is the form of the portable barometrical tables, 
which are here presented to well-informed travellers, that 
they may be easily carried ia the pocket, and the observa- 
tions thereby calculated on the spot at the same time they 
are made. 

These tables are preceded by instructions explaining 
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their iise, and containinfg a Miii|iA0te deaumtn/Sm^ of 
ft e barometrical' fornnila* Thi« ^dmn^nstmtiim only re^ 
quires the reader to be^cqoaiatod witii^ thn fini rudimenla 
of Algebra^ but persons who are eifthrely eicaagers to 
tfiese hotions, may pass imBieAiately to the- ' tmmerkal 
examples inserted lit the end of this pai!t of the "TreaCisi^ 
with specimens of onloulatiOB' for aU^ oaseft^ which oittf 
be consttatly taiken as models,' no aliemtion being e?er 
lequisite. 

iAHray efforts havebeen nsed to: bring 41iese taMas to 
the greatest degree of simplicity of which they aide sus- 
eeptible ; and I shall esteem myself very happy if they 
should increase the taste for barometrical obsertntioiis, 
•nd contribute to the perfeetidn'of physical geography, 
too little cultivated among lis. . v 



On the Measure of Altitudes hy harorhtittrieat Ohservatiens. 

As the measure of altitudes by barbmetrical.obserra* 
tions may be of very frequent utUit}r, I hare united in 
this chapter all the details that can be desired, felatire 
to both the demonstratiod of the rigorous formula and 
its application. 

Conceive a vertical tube to be filled with air^ which 
extends from the surface of the earth to the limits of the 
atmosphere. Besides, for the purpose of simplifying the 
problem, let it be supposed, at first, that t(e column 6f 
air thus formed is composed of air perfectly dry, and the 
temperature the same throughout lis extent. Let it be 
supposed, also, that the decrease of gravity, according 
to the greater elevation, is abstracted ; so that this force 
may be considered as acting with an equal intensity at 
fUl heights. On these suppositions, let us examine the 
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the ttate of eqmlifariafli of the coIhthb. It ii evideot 
timt each molecule will be compressed by the weight of 
aU those above it ; and as the air, in consequence of its 
•I^icity^ is condensed proportionally to the compressing 
force, its density wUl decrease from the bottom to the top 
by an insrasible gradation* To disco v:er the law of this 
gpradatioD) conceive the column to be divided ii^to an in* 
definite number of very thin beds or strata, the thickness 
of each not exceeding a thousaiidth part of a yard for 
example ; so that;tbe density. may :be seasibly ths same 
throughout the height of the 9ame sjtratum, and vary only 
firum one to anothelt. Tbea, if the barometer be carried 
successively into each of these beds, at different distances 
from the centre of the earth, there will be a certain ratio 
bisAween these distances, represented by «i, x^j x^j and 
the elevaiicHiB <tf the mercwy in the barometer denoted 
by H^, Hj2, He* ^^^ ^^ ^^^ ^^^ which it is required to 
determine* 

For this purpose, it may be remarked, that the thickness 
of the first bed or stratum is expressed by ^s — xi* The 
Repression of the mercury, in raising it through that bed 
isHi — Hs. Consequently, at tfaift elevation, a column 
of air of the height x% — J7i, weighs as much as a column 
of mercury of the same base^ jomd having for its height 
Hi — Hs. Thus the density of that stratum, compared 

vrith that of tnercury, is ^ ^^ ^ ^ >' foir the densities 

SD^ — iJC\ 

are reciprocally as the magnitudes when the weights are 
equalf 

But this ratio, between the density of the stratum and 
that of mercury, may be obtained in a different maiiner. 
For, at an equal temperature, the density of each stratum 
is proportional to the pressure it sustains, that is, to the 
weight of the superior beds. Now, since all the beds are 
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supposed to hare the same temperature, the pressure 
which each sustains is proportional to the height of the 
mercury in the barometer. Thus, on the suppositions 
we have admitted, the density of the different beds may 
be represented by CHi, CH«, CH3,..C being a con- 
slant co-efficient, common ta the whole column. • In this 
manner, two expressions for the density of the first stra- 

tnm are obtained, vi?^. — and C Hi ; and by put- 

J7« — J7i 



eqnal to each other we shall have 

C H — 1^ ^ 

* ■" d?« — *i ^ 

from which we obtain H^ =2 Hj 1 1 — C (ar^j — *i)j • 

. The same relation will subsist in passing from the 
second stratum to the third, from the third to the fourth, 
and so on in successsion, at least on the suppositions that 
have been admitted ; so that we shall have the following 
equations* 



H3 = H,|l-C(^3-^.)|, 
= H«[l-C(*,-«,)|, 



&c. 
Or, if we represent by D the thickness of the strataip^ 
Trhich is supposed to be always the same, 

H, = H,(1-CD), 
H3 =Hj(l — CD), 
B, = H3 (1 - CD), 
H, =Elai-Cp), 



OR »»ro6A*r»T.- Iff 

ftom nhidb wk eUaia the fiiUowbg mdiei t 

H« = Hji(l — CO)S 

tMkai «re ^A«ll ba^e b«tweeii the cltfef«toea of level ai4 
Uw dapwftiati of Ike nK«ix:ar|r Um corrMpob«fiag s«ti9» » 

, x,^s, = b\ S^=(I-.CD), 

*, — *i =ttt =2- =(i — G D)% 

/», i. *, s=3D gi. s{J ^ q »)% 

*,-*, -40 &.=(!- CD)*, 

^ ^f a|^t|ty i ^-- C D U qyea^^itfily (^ fraotio^ i for C an4, 

$lw4^y$ b^ ^fa9ii f|iffiGMp% jMmJU ^bat Ui^ product C p 
QH^ Vf^ a fr^otiptt* TJ)^9 tJ^e dji&rwk paf^erf of I'-^ C P 
WAI Ji^l0i0 a^.le^r 9'ktt^ k fippaar# 6^m ih^ptpfe^xig 

crease in an aritkm0tk0f ptiogr^stpnj th^ h^gHis ^ tb§i 
mercury in the bturometer decrea$isiA a geometrictd pro* 
gression* 

«ftdi BtraUun dff ajr» of ia 41i<»»NWMllii of aj^^ k MtgtiCi 
ira* thooglmRt of air aqualfdensitye Tbii ttipfotilkm U 
f^t$t€iiAlfimg4 biit ]|i|^dMfeMmare4DdmoritoAf 
4rtilh as tW fliioiaiLef^ pf ihfe beds^ at ^trata^ is less* Now^^ 
instttid of faUng a tbousatdtb of a yard for the tbickness, 
ure may take it a hundredth part of t|iat^ or any oilarltii^ 
smaller dimensioni) the error will bedtminished indifinite- 
y^y ifHieheat ow be&ag pttyetlMi ftdfisttrrtitlbg^M IMe iftnie 
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conieqnences; Thus, the law which we haTe found is 
true in itself, and independent of all suppositions relatire 
to the thickness of the beds^ or strata. This is what the 
following calculation confirms. 

If the i^nk of any term whatever in the two preceding; 
series be denoted by n^ and its value be founds which 
may be done in the second series by means of logarithms^ 
wtfind 

^ _ *«+ 1 — «i -, — (log>Hi —log* Hw-t- 1) , 

""- IT ' "•- log.(l-CD> ' 

from which we obtain 



Sn 



D(16g.H,-logHn.|.,) 
+ *~**- iog.(l-CD) 



d? « 4- 1 — «i^ is the dlfiference of level of the two sta- 
tions ; for greater simplicity, it may be denoted by X* 
H 1 is the height of the mercury answering to the lowet 
station, which may be represented by H. Iiasfly, 
Ha -H 1 is the height of the mercury at the upper station, 
which shall be denoted by A/ for, having nothing to con- 
sider but the extremities of the column, the accents by 
which the different beds were distinguished^ are not of 
any farther utility. We shall then have 

^= 108.(7- CD» <^^g-"-^^-^>' 

The value of X seems to depend upon the thicknesa 

JP,' which we have supposed to be that of the different 

beds of air ; but, in £ict, it does not depend upon this 

quantity. For, by developing the logarithm of 1 -*C D, 

wehavelog.(l-CD)=- ij(CD +^ +^ 

+ ^ +&c. ) 

M being th^ modulus of the common tables, or 
S.90SS6509S994, consequently 
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*■ log. (1— CD) = C + -^ + 5!^+&c« 

I 

The thickness D is supposed extremely small; and to 
attain the ntmost rigour, it must tie made equal to no* 

thing:, which gives — , (i — CO) ^'t^ ^^^ **" 
co-efficient becoQies independent of D ; and it now ap^ 
pearsi that, by deferriog till this time, to suppose that 
quantity equal to nothing, it was only to effect the possi- 
bility of establishing the reasoning, and perfofming th^ 
calculus* 

From this result, we shall have the formula 

^ = Q (log. H — log. h)^ 

that is to say, the difference of level is propprtipna} to 
the difference of the logarithms, of ^hf heights oC mer« 
cury in the barometer. 

There rei[nains only the co-e0|cient C to find. Now, 
by representing the density of the air under the pressure 
fl by 3*, that of mercury being unity, we have^ agreea-^. 
ble to the preceding suppositions, )*= CH, H being the 
height of the mercury in the barometer. The value of 
C may therefore be obtained, if we have, from very ac- 
curate experiments, the ratio of the densities of air and 
mercury under a given pressure of the atmoiphere. 

This ratio is not the same in all countries | for ia b3\ 
countries the force of gravity has nqlt the same intensity^ 
as is proved by experiments with the pendulum]^ audthq 

i 
ratio =7 paries with the force of gravity «i Ii\ fact, S' iS; tlijn 

density of air. under a given pressure ; for example, u^d$i( 
a pressure of 0.76 of a metre, or .83119^ of an En- 
glish yard, But^ according as the intensity o( SI^T^f 



is greater or less, t column of mercarj having always 
»831136 of a yurd of altitude, %il| ^eigh more or 
lesft ; consequently, the air sustaining this pressure 
Will be nie»re or Ies9 eompresMd. iSFow,' Aom expe- 
riittenfv with the pendalum madie ia dtllbrent latitudes, 
it i» found, that, by calling 1 the force of gravity at tbo 
parallel of ^5"*^ the j^rarity under any other parallel of 
latitude i|;, is expressed by 1 -^Q.00SS97 cos. S^r. The 
density f, b^dg prpportional to the force pf gravity, wiH 
Vary in the same ratio, that i$, by calling it }at the 
j^raflel of 45^, and iinder the pressure H, it will become 
for any other latitude, and under a column of i^ercury of 
the same leAgth, 1^(1 — ? O.0d989T. cos« 9 if^). 

The co-efficient C, whioh e:^presse8 the ratio of the 

density to the height of the barometrical column, ought 

therefore to yttj fn the same pibportion, and cohsequentf 

ly it will become C (1 —0.002837. cos. 2 4.), which be-* 

• ing substituted in t^e value of X, gives 

^^ tftl^ O.bOBlst. COS. « ^j ^""^^ (f) ' 
in this manner it will be suQcient to find the co-efficient 

M 
1^ tl^ea it^ b«iiv );9own, ¥» «haU dli^ lu^n ^; aii4 

the formula will become applicable tQ all possible lati* 

tades* 

• lliis ibrmnla maybe rendered more convenient by 

making the denominator disappear, which id eas3y done | 

finr the fraction -j — Anr^ad^^ 5^ htmg trans- 

1 -T 0.002837. COS. 24- ® 

ibtmed into a series by division, becomes 1 + 0.OO2SS1f, 

C6S. a 4. + 0.60000804857. cos/ 2^ + &c* or sim- 

Ifly 1 + 0.002837. cos. 2 4^, by takmg only the firsi 
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tefm^ vMcb dope is tcofiblei. We diall (tea^luiw 

X '= ^ (1 + 0.002837. C09.24') log- (5j. * 

Hitberto. it bu bsea aupfHMied ib<|t tbe vaihie of lb# 

fioinmn. BiAjt tbii is not sp in nators^ and seTeial oagstt 
concur in malting this ratio vary. The principal of tb^oe 
is: the diffinrenoe of temfttsatare of the strata. For the 
alaatiaity of air is iqcBrassd by heat; so that witii a less 

d^stty^ it may $i|itaui aa^ 4qaal eohunn of mescofry^ 

I' 
whicb causes the ratio r*, or C, to vary'; Tbisf atio also 

I* ■ . . 

iWi^a MMfdiag to (be qvMiHy 9f mwow v^pur ikU 
if m^peailedi ia ihe (jtiffcfient fitr ^^ of tb^ colama* For 
tbis vapeaf weigba Uh tbM dry air 9^ aa i^qaal ela#ti^ 

force ; so that its introduction into the different beds of 
air renders tbeai sitoflairly susceptible of sustaining, ivltb 
91 less density, a column of mercury of equal height* 
Lastly , the decrease of gravity, arising from greater eXev 
^atioB, is alfo another caase of change ; foV| in conar^ 
quence of this decrease, a column of mercuryi the lengtb 
pf which is H, weighs lesn && it is more distant ivom^ the 
oentreof tb^ eartb) how, if it weigh Isss,. Ae beds of 
air into in^feb it is tvaiiiportsd are lass ^otnpi^ssscd y tbup 
the ratio of tbMr density to tbe leogUv of the neroarial 

polumn, or tjm ^ no longer the sam^ for these beds as 

Or 

ttm ttosebalow then. Lcjt us now sefnri^ tfaa^nimmriari 
value of the ia^aenee of thesf Tartaas eawes on the cioi^ 
oAoitatC. 

We shall eommeaoe wkh ths <Mvease of frwrftyt ia % 
yavtioal direolion* Let g^y g^r Ssy ^^ ^^^ dtAseat in- 
tMsitiesofiMfofse in the difleseat bedsit or ttsata. Tb^ 
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ndight of the columns of mercory H^^ H^/ II3, whicli 
they Bolicit^ are proportional to them ; consequently, if all 
other circumstances were equal, the densities of the beds 
of. air compressed hy these columns would also have the 



•mne proportion. The ratio 77 or C, ought therefore to , 

vary from one bed to another proportionally to the gra^ 
▼ityg*. 

Let us now consider the influence of temperature. In 
virtue of this cause, a mass of air, the magnitude of 
which will be 1 at zero of temperature, becomes at t de« 
grees above the freezing point of Fahrenheit's thermome- 
ter 1 + 0.0030833^, the barometrical pressure remaining 
the same. Now, the densities of this mass under a con* 
stant pressure are reciprocal to the spaces which it i« 
made to occupy ; consequently, if its density at zero be 1^ 

Uu density at f degrees vUl be j_^^g^, the 

i 

pressure remaining tbe same. The ratio — or C, ought 

tip 

therefore to vary in the different beds proportionally U> 

1 

l4r 0.0020833 r 

We shall no w : examine the influence of aqueous va« 
pour. According to the experiments of Saussure and 
Watt, the weight of this vapour is to that of ^ir as .10 to 
H, when their temperatures and elastic forces are tbe 
same; that is, when the air and vapour, having the 
same temperature, sustain equal columns of mercury. 
Hence, the substitutbn of this vapour in the strata of air 
renders them specifically lighter without diminishing 
(bejr elasticity. Tofind the value of this effect, let H be 
tbe barometrical pressure which a certain bed of air sup- 
ports 3 call F the elastic force of the aqueous vapour cou* 



\ 
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tAaie4 in i^ tbat is, the partpf the barometrical ptes** 
sore whidi Uie Ta|^ur iiutaiiM. The total weight of the 
bed may be considered as composed of two parts ; viz. 
of a certain quantity of vapour, the elastic force of which 
18. F, and of a certain quantity of dry atmosfdieric air, 
the elasticity of which is H •**- F ; let p be the wlioie 
weight of the bed, if it were entirely compoiied of dry 
air, under a pressure H. The weight of the same vo- 
lumn of dry air, under a pressure equal to H — - F will 

be p — — — ^^ The weight of the same volume under 
it ' 

the pressure F, will be^f- ^ so that, if this Tolume, re* 

£1 

mainiog always under the pressifie F, were composed 

entirely of aqueous vapour, its weight would be -f^ of 

p F 
the preceding, that is, |^. ^W-* Now, it is known by 

very positive experiments, that, in a mixture of vapour 
and air in a stute jot permanent equilibrium, these two 
fluids are uniformly expanded throughout the whole 
space which they occupy. Thusj the weight of the mix- 
tore in the preceding proportions, will be equal to the 
sum of the weights of air and vapour which occupy the 
given space under the pressures H — F and F ; that is, 

the weight will be p. ^^~^^ + ^. ^-^ or simply 

f H ^ F) 
p. i jj — L^ ^utj before the introduction of the va- 

pour, the weight of the same volume of dry air, sustain- 
ing the same pressure H, was denoted by p* The den« 
sities being proportional to the weights, if ^ represent 
the density of a stratum in the dry state, its density in the 

humid state will be J; ^^irifl, ^^*-(l~fn)> 



tii^lirefttWe Mug tlM ^iitDe. Fiwvthiiit a^ov^ iM 
tbiK ifttlrodQ<MibD cf gkqueoos vApour isto tho Bedl of w 

qau^esthetalio ir ^r ^Tto Vary proportionally to J — |g. 

By nsBioiing the ihitn binda^f TBciatba t0 if faicU *^ 
coMtfficMBit b ttubjecty the dicat i^ial CKpilMiiiMi fos it 
iriHtriLiibeiBittowJiiig 'fount / 

Irf 0.0020833^ 
A being a coiistant quantity common to liU the fttiUta. 
There only remains to substititite in this escpression fot 
gy U, Fy and t^ theit Yalues relatiire io the different beds. 
TheyaIoe<ff tUe«ut4«r9shtfl4k8tl>e<iafcrilafttd, It 
iftknoWtij ttiiat, in receriifig fima tiieceBtreof lb« ottfli^ 
Ibe force of gravity is reciprocally aa the sgaare of the 
distance* The distances ^t the different beds have been 
denoted by s^u ^'a ^^^ tberefor^ by 00Mi^ggt^ g^ gif 
the corfe^poBdifig inlensltkci of gravity^ wD iftall Vmift 

We shaH now fiml ibe term d«pEii5ent ^ the aqucwtt 
virpbur. The tmsioii F<of that vapour ia aiwsyfc^v^y Mb 
4te in th^ tempemtitT68 in nirhicdi btfromettioail 4ii>8eiv»» 
4i0Bs are genertiHy made, ^y calculating their valae3 
in parts of a ytfrd, for the p6int of extreme saturation^ 
iiGcorilinig to the formuls^ iH^hich Laplape bus given in bis 
Micanique cileste^ and which he deduced from the ex- 
periments of Dhtton, we 1!nd 

at SSj" of Fahteabdt's thermometer - * P :*iO:90B0Ot4S*% , 
at 8e*<ot 54*^ above the freering ptrint) . . Vi±A.03«B^9S V *' 
and between these two limits vfbidfa ure ite&iflfHl^e -^f 
bafom6tri«A ^blervations^ the inor^se of F may 'be re- 
presented with sufficient ticcuracy by the arithmetical 
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progression P i:iC^00360i4S + dl6005g547*, ^ being 
tile liittmber of degrees Iq the temperature above the 
freezing point in Fahrenheit's thermometer. Tfaoiigh 
this formula may not be very exact, yet it will be siiffi- 
cient'in this case^ because of iht small influence which' 
it has on the observed heights^ Bilt^ before it be apn 
plied to the atmosphere, there' must still* be a modifica* * 
tion made; It relates to the point of e^trcine saluration^ 
^hich very rarely takes place in the atmosphere ; am) 
consequently, the value which it gives for F will be al« 
most always much too great* It is true that we cannot 
determine any thing certain relative to the quantity of 
aq[ueous vapour suspended in the atmosphere; This quan« 
tity is extremely variable at different times ; nay, it va« 
i;^es from one stratum to another in a very irregular, and 
apmetimes abrupt manner, as is experienced on moun* 
tains where strata, very little charged with vapours^ 
succeed to others which are at a maximum of humidity. 
But, independent of these extraordinary circumstancesi 
there is the greatest reason to believe that we shall ap- 
proach the most frequently to nature by avoiding the ex^ 
tremes, and then the most simple method is to take for 
^)ie expression of F in the atmosphere, the half of the 
value which answers to the point of extreme humidity | 

that is, F =to280071 + o!6oQ26274^ 

On substituting this value in the expression for the 
co-efficient C, it must be multiplied by the variable fac« 

to^f =Tf • Bntj because of the smallness of this correction, 

and the little difference i^ the Raines of H in the exlen^ 
of the columns of air whiph are usually meafture^^ it w.iU 
be sufficient to put for H the constant value .831 136 yd. 
which is the menu pressure at the level of the sea. This 
mbstitution will haf e ^ven the advantage of diminishing^ 
yoLf I. 2 b 
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tbe cp|rrep(jpii fpc h^miditxJo' tfw HW^ 4*^ ^^ *Jjf 
column, which a^rcef mi^ t^^Xf^ } fpr t|lf hnm^itj ff 
t^ese $tfata ^enerall; d^Qt^f^ ^ ihwheif(k% ^ SFf|teC| 
ao^ sometimes the qipit etey^t^ jff»9^W 9, gte^^ ^* 
ATQe of drinfws. Bj ^dqpi^P^ Aiff fUQyli^j^Uqni ^f^ 

4- 0.obM6«74 *,) =3 i ~ 0.0009628 — o'.6oe09MI #, 
This exprewon may^ withoat sensible error, be brought to 

ihq fQllp^in^ fonp> Cl^o'W6!^t)a— Q*9Q^ 

A(l~6-OOOfl6eB),g(I^O>0«»004# 
^- 1 + 0.0090883e ^; 

In tbis Bsuipner C contains a constant fltotor, commoH fo 
all tbe strata. The other fiictor depending upon #, inrhiek 
yi still found in the numerator, may be united to that 
vhich arises from the temperature; In fiict, because of 

the smallness of the co-efficient 0.pQp0904^ ive in^y^ 

Iba 1 '-tOlOOOOSOII, then we bare in the denomU 

Bator the product (1 + o!o000904^) (1 + 0.()(^833Q^ 
In performing the multiplication, the product of 

Q.00009O4 by 0.0Qg0833may be fi^glpo^ed. fbe deaomi* 

Id. 
Bator will then become (I +0.6081137 1). The co-^c|ai« 

oft in this result may be changed into 0,0QS9^ i^thout in*- 

curring any sensible error, v^hich will i^implify. the Cf^» 

puiation* We shall therefore haye 
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It ft^peMf tbat ihfi rC^i^idenrfion of Ae hnmidHf of 
the air only increases a little the co-^efficient of the ex* 
pansion which, agrees with dry air. A fimple letter 
might hare beai siibstttatdd fiir the product of the two 
constant factors 1?htch ar6 contained in the numerator ; 
ibtft it has Deed thought preftraUe to retain themi t^ «Iio# 
the ^eet*of the hamidity upon the to-efficient* 

I«et us iiO;w seaicb, in this general Caie^ the ratio of tbt 
keights of the bftroHiet^ with the ebtations of tbb strata! 
For this we must recur to the sMue iuuroe Of reaacmbgs 
which we have used In the MiAple case, at first treated. 
In considering the first stratum, it has been remarked, 
Jllatf at 4his'«leTation^ ft colunm of air^ the thiclnietsilf 

which is x£, — ^i, wisighs as much as si column of met^ 

tmfj. ^ the »amt tiM0# bnd of Which the height was 

l*,-tti, dkattliiifedeiiconttudea,lW ML±i!i^ was 

theijatio of the d^nsiti^ of mercury and air in this stra- 
tuA^ ' I'hls cMfstderation is also aipplicaBIe to the actual 
case^ only, as, gravity id supposed to Tary from one stra- 
tum to Itnotfier, the intensity of this force upon the co« 
lumn of mercury Hs, which takes place in the second 
stratuof, is difieren't from that which solicits the cohima 
oif mercury ^i. To ^xpriess the weight of the £rsl stra^ 
tiun'oT dir in bSfti of the column of niefcury Hi, it will 
be necessary tb bring the' tolunin Hg, to what il would be 
if the same gravity gi actetd upon it; that is, to midtiply 

it baf &y Adftftio of gmnij hi 4he two atrata. We shaU 

^ . ) f* Hi'*-' ' ' 

thus hare H%^ '^'^:ff^ fof the diminiitiOB of the ba* 

' ' ■ .- - 

Irbmetricat ptessu^re in the extent of (he first stratum of air^ 

of whici inli always he x% ~ v^ as befojfe» 



The ratio of the densities of afar ^and merCQiy in Ibis 
stratum will therefpre be eqaal to 

«• or Hi /fi -^ Htgi •■ 

but this same ratio tiiay yet be expressed by C^^ H^, by 
representing by C^^ the value of tke co- efficient C in the 
stratum under consideration ; then ^ by equating these 
two yalaes, and always denoting the thickness of the 
stratum by D^ weshallhaTe 

" • gi(^« — ^i) 
'or else by obtaining the yalue^of Hsgs^ 0%--^^^ s D| 

Hagi =? H,g, 5 1 — Ci(j?2— a-,) J . 

I The passage from the second stratum to the ihird, and 
from the third to the fourth ^ and^so ouj will all give simi* 
lar equations ; from these we shall have 

*, — dfj = D, H, gi :; H, g-, J 1 r- C,(«^ ^«j){, ; ! 

«. • . V .......... ^ . . 

&c» . &c. 

By successively performing 'the eliminations^ as iv 

page 178^ as far as the last stratum the rank of which js 

irepresented by ^t + h we shall find Xn 4.1 ---«i=: nD| 

H«+i^n+i =Higi(l— CiD), (1— C,D) (1— C3 D) 

(1— C«D). . 

- The second member of this latter equation has, as 
tuany iBictors as therenre siraita* In the fii«t base which 
we have considered, all these fitotors;were equal to each 
bther % iiifi^dad of which,' in tnis'place they are different; 
because of the variable nature of . C. Now, if this last 
^liatipn be put into logaritlim^* we shall ^aye 

**«• H^ ■*• ^' ^T^ =-i<«.a - ci D) - log. 
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(1 -i C, D) . log. (1 —JCn D). Here « is not foun4 

ezpKcitly in the second member ; we cannot, therefore, 
elifliinate'itas at page l78i • But -vre May folli^w thd MtiM 
toethcid of' caIcal{ition; and, by taking the value #f 
*» + !— *)Wefind i 

NoW| hy. developing the logarithms, performing the 
^division by D, and then supposing D t6 6e equal ta 
nothing, precisely the same as in the case which was first 
te eated, page 178| we shall obtain 

^1_ >log;.-^ 

*«+! -*=Mit C',+C. +U 

M being the, modulus of the logarithmic tables^ or 
S.303d8369. This formula is analogous to that at page 
179, only, inst^d of having C in^e denominator, we 
have the sum of all i^ie co-efficients C^, G^,^ C^, and 
this is the.feason why n is still retained in the numerator.' 
If we ^ere to su impose alHhese c6«effi<;tents equal to each 
other, and to C, their sum would become TiC; n would 
jdisappear, and we shpuld obtain, identically the fif8t«fbr- 
jntila* , 

. For the sake of abridgment, the sum of all the co-effi^ 
cientsC^, C,, C3,&o. taken in the whole length of the 
column of air, may be denoted by SC^ y we may also 
ilenote by X, as before, the difference .q^ levpl a?s+i — ap^ 
pf the extreme strata I substituting h instead of fi(ti-fi 
.to represent the height of the barometer at the . upper 
atatioD, and denoting by H that at the low^r statioo, we 
shall have 



H 
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h is also Aeidii&tfiotiid (Ke VtAtit' 6f ihe ftfte- ^* ' 

wliieb 18 that of gravity in (be ti^o estreme stfttiottk 
Sinee the force of gravity is secijprocallj as (hesqiwre ^ 
ibe distance from the centre of the e^tbf We shall liave 

'■' ^*- =. "^ ; ^ -» bat; aUctf X is the difference of 
ievdof theiworft8tioni/#ehiiTe'jn4<.i^'jr/HrX. Con* 

•e^oenUjybg. -^^^ 5S 3 log. {1+ ^)>a w tte 

g»-^ 1 ■ iTj / 

fli^nc^ ft6m ibe eeitti'e df tire €iiM ib the hriiifiltUS6h t 
the difference of level X btfiti^ tflwilyf ^ti^Sfii^Ij^ kmtXt 
compHared ^ith tli^tdistaifdd, .we may limit ourselves to 
takf for J^tbe mean xadiatof tbe tetrestrial surfape, the 
yalae of ivliicli in y^rds is ^962074 ; and , representing 
it by a^ we shall have, with sufficient accuracy^ . 

il«f«-i^ F=.Wog, ( > +;|>j^ • 

MnJ log.^ + »log.[l + J) J , 

fcAfe-^ We irttiferfi^ate ihn Vaiufe 6F SC^^ Wd «4;^ «1^ 
ply to each of the co-efficients C^y Cs^ C3, the cdt¥M^ 
lion ]res{>^c^f/ig tbe fari^tiofn of gtd^iiy for diSei^enf ktti- 
tudds ; tbik ton^^ctldH/of Wh%bfi^ ^e detkilha^ beeA giv^ik 
at pa^% 180, will cbd^tst ill Miiltf^yihg^ each of fheilfr by 
Ibe factor 1— d.OOSSSt m. ^\^ 4^ b^iwg the latitWfe; 
nAd as t&is faVitof ii coAMdti i6 iAl d/e co-efficiehts, sin<J6 
&ii ^e j()6iDtll b^tbe C^lA^n/Uf Hit' ite'iitu>t^ M tte 
samfe veftrcat ItAe, &Ad mkjr tie i^garded, thetefore, «ft 
at the same latitude, it appears that S C^ wift becorit6 
(1— O.OOsSS^cos. a i') SC;^* and hfy transferring this 
Gorrectioa iMJ^ 4i» B mner ato t by d ey ^ianir>tt into a 
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Mritf) M we lave already dene at page 180^ we shkH' Inure 

m,. (1+ aoe283T COS. « ttH '°Sr T +* ^^^\ H ^y ?^ ' ^ 

The value qF S C, must now be found : |b|it from the 
^npral p^pression for the co-efficient C, which has been 
deteirmined at p^ige 18Q> it is evident that 

SC,:,A(ia':00p9628). (- i^gloogg^ V 

-f- St J, Ss ' I 1 *j 

1+0,0022^^ 1+0.0028^^ ^ *'• / 

To accomplish this summation in a strict manner, it 

HQpld be aeceasary to know the law of the decrease oC 

temperature in the atmosphere* This law is subject tii 

many i|rregalarit|es. But generally^ at small heights^ 

such as those at wfiich barometripal observations are 

made^ it is a very §\iam arithmetical progression. We 

Bh^Ui therefprei not be far from the truth, by lupposing 

all the temperatures /i, t^t^ Z^, equal to each other, and 

to the mean temperature between those of the extreme 

^rata; that is, to-^^ — ' a^ "^^"^ supposition will 

increase the temj^ratijres of the upper strata, but |t wJU 
diminish those of the lower ones, which produces a kind 
of compensation. Bjr this means the factor dependent 
apoa the tempemture becomes common to all the terms 
of 8 C^, and by writing T instead of t\ and i for ^n+iy 
analogpus to tl^e nptatipi^ which we have a^ope4 for % 
and hy we shall have 

J + (I-+i Woo® V «^, My 

•f ^ <f ftc % bat gTSTity beini^ fedpiecally u tb« 
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«qiiare*of the dittance from the ceatre of the e$xihy wf 
imII have — ^=:— L ca=;^ ^= -ir* &c 
ttid 80 on in succession* Now^ since the difference of the 



distances of two consecutive strata is D, — = -^ _, 

^i :s .^ ^ ^ ^ ^ zz " ^ ^H &c. ' by perform* 

1 

iiig the division algebraically, in each of these terms, 
they may be reduced to a series, disposed according to 

fne powers of ^ . We may limit ourselves to -the first 

power of Ibis ratio, which will be sufficient for the ob« 
jecl whioh we have in view, and we shall have - 

' %=:1^!^ £?=:l-i2 ?4=J_?J?&c.- 
ffi *i^ gi «i^ ffi «i^ '* 

90 that the required sum will become, 

l + €3+C.»+&c.=:«-^ (D+2D + SD4-..,.jtD). 

gi gi ^1 

The part included between the parenthesis constitutes an 
arithmetic progression, the common difference of which 
fe cqfual D, and the number of terms «• The sum wilt 

therefore be, ^^^I^-.. New, since D is the thickness 

of one of the beds, or strata, and n th^ir number, nD is 
the difference of level of the extreme stations, a differ* 
ence which has been represented by X ; we shall there* 

forehavel + C? +£« +&c.=:« h— + -1 ~J 

gi gi < ^ nlx^S' 

We see here again the factor w, which remahied in 
the numerator of the expression for the difference of !«• 
vel. By substituting this result in S Ci, it will be suffi- 
cient to take instead of x the mean radius of the earth, 
which has previopsly been denoted by a^ We havQ 
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alreadj made use af this simpliffcatfon'i besides^ as tbd 
number of strata contaioed in tfa^ column is gteate^ as 

their thickness is less, we ought to neglect the term -r' 

"vfiih respect to those which hare not » for a di^hor. 
For, since we finally make D equal to hothfng, ri will 
then necessarily be infinite ; we shall therefore hatii 

gjj _A(i— 0'6009628)g,n/l-. X). . 

■ / ■I ■ ■! ■ in iii#-iii I ■ • ■ "* ■ I I i.fi-i r'"- '^'ir ~ 

(iM:i). 

^ 900 ' , 
This transformation of the cO-efflcieiit of TP + f dptfs 
not change its value ; it only renders it liiote comm(5dious 
for calculation. This value of S Cj being known, it may 
be substituted in the general expressiori ifcir X ; in n/hictf 
^disappears by being common to both t6^8; and (her# 
remains 

M(i+0.0026f3r cos.S^) \ 1 -f- iT±f)| [ log; J^+SlogiCl+Si'^ ^ 
Ag-i(i— O.00i()9698). fl— il J 

X 

The factor 1 -^ ~* maybethanged into the niam^mfitf 

by division ; for j _x ^ ^ "^ «^ "*" "^ +&c; thus^ by 

taking only the first power of ^9 which wlU be suti^cieHt 
in aH cases, we »hall hare simply ' 

Jfcs . .^Jl -fri-f 0.008837 «)«.2>^)l 1 +-^^C 

^iog.s+.iog.(i+i)s|i+^5].. , •. 

This equation^ containing X in both its metshttnf 
seems not yet to be completely resolved j but it ofey be 
TOL. I. 8 c 
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remarked, ibattbeXin the second member is divided 
by a, whicb is alwajs extremely great with respect to 
X. There is therefore no necessity in calculating these 
terms, to know X very accurately, but only nearly. 
Hence the calculation may be divided into two parts. 
The value of X may be first calculated by neglecting 
these terms, and then use may be made of that value in 
calculating them; by uniting these two results the com- 
plete value of X will be obtained. 

That we may be able to apply the, formula which has 
just been obtained, there only remains the constant co- 
efficient A to be .determined ; now, by referring to page 
ld4, where it was first introduced, it will appear^ that 
by calling i'the ratio of the densities of dry air and mer- 
cury, under the pressure H and the temperature t^ in a 
place where the^atitude is.^^ and the gravity g*, we have 

11 >L A q — 0,002837 COS. 2 4-) g H 
generally «r -. ^^ -{-0.0020833 1. 

< The most simple means of finding A is that of weighing 
very exactly known quantities of air and mercury, under 
a determinate pressure and temperature, and at a place 
the latitude and height of which are known. This ex- 
periment has been made at Paris with the greatest care, 
by. Ara^o and myself. We found that, at the tempera- 
ture of melting ice, and under a pressure of .8311^ yd. 

ye had J = jqa^ y from which we obtain 

A-. 1 - 

10463. g(l — 0.002837 cos. 2 +) -831 136 yd. 
^ being the latitude of Paris ; consequently, if the 
modulus of the logvithraic tables, or 2.30258509, be de- 
noted by M,' the co-efficient of the barometrical formula, 

or ^r-^ will become 

-.—=10463 (1 —0.002837 cog. 2+) .831136 M. ^ 
A. St ^ S\ 
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If tUis value be^ redaced into , nambers^ by taking i^^Sf 
48^ 50^ 14'S Mrbich is the latitude of the observatory^ 

JJ y4«. ST 

•we b^ve = 20031.27435. -^^ and consequently. 

Let r be the height of tjie Ipwer station above the level 

of the sea, a+r mlibe its distance from the centre of 

• • • 

the earth. The height of the place ivhere our experi* 
ments relative to the weights of air and mercury nfere 
made, may be estimated at 65.6 yards above the level of 
the sea ; its distance from the centre of the earth was 
therefore a 4-65.6. From this, the ratio of the gravities 

-^ is very pearly equal to --- — phvC^ an expression 

which is reduceable to ( 1 -— ]• f 1 + — ]$ 

by developing the iy^o isquares and limiting ourselves 

65. 6 r 

to the first powers of * — '—^ and—. The first factor 

131.2 
1 — ^ may be reduced into' numbers by taking 

a =6962074 yards, the number already used. It will di- 
ininish the barometrical co-efficient by .SSSS yd, which 

gives -^=20050?i826 ( 1 + — ), 

This co-efficient may also be determined o posteriorif 
by comparing observations of the barometer with diffe- 
renqes of level measured trigonometrically • A great num? 
ber of very accurate observations, made by M. Ramond 
in this manner, have given 20052.2496 yds. for the var 
lue of the co-efficient, which we have found equal to 
g0050.1826 yds. from the weights of air and mercury* 
This agreement proves in a positive manner the accaracj 



m 

o£ Ae fiiriiiiiH) .and tliat of the chts^ apoa i¥htch it is 
fiviinded. 

There might even be obtained from this agreement, a 
eonfirmation of the decrease of gravity in a vertical line. 
In fact, should sot the eflfect of that decrease be consi* 
dered, the barometrical observations of M. Ramond 
WoqM give 90114.5818 yds. for the co-efficient» instead 
af 20050. 18S6 yds. as found above from the comparative 
wei^ts di air and mercury. The difference cannot be 
attribute^ to the value' which we have assigned to the 
buraidily <^the air; for this value is rather too great 
iiian too little ; and besides^ tbe^ above difference would 
aot disappear even by supposing the air in a state of 
ejytreme humidity^ since this supposition, by doubling 
the correction which has already been made for this ob.« 
j^t^willaplgr cause 19.291 1 yds to be added to 20950. 1826, 
which would be 20069.4737 yds, still much inferior to 
20114.5848. It must therefore be acknowledged that 
iff^ deci^pe of gravity, l,hough but inconsiderable in the 
limits in which barometrical observations are made, be* 
comes sentiWie \ and the agreement of the results, when 
this decrease is taken into the account, demonstrates its 
reality. 

The inequality of temperature in the extreme beds of 
the column of air which is measured, is communicated 
to the barometer used, and requires a reduction in 
tile observed heights. In fact^ mercury, like other 
bodies, is condensed by cold and expanded by heat. 
This variation fr^m the freezing point to 212* of Fah« 
Yenbeit's thermometer is uniform, according to the 

experiments of Gay-Lussac, and equal to 5=7^ for 

eajph degree of that thermometer, conformably to the ex- 
periments of M. M. Lavoisier and Laplace, which agiee 
with those of the Royal Society of London* Thus^ when 
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ifre height of the barometer is observed in the colddr sta« 
tion, the column of mercury which is condensed ought ta 
appear a little shorter than if it had been observed at the 
warmer, which is generally the lower. To bring those 
iieigbts to the same temffe, the l&ngih of the mercurial 
column, at the upper stationi must be increased in conse* 
quence of the different temperatures of the mercury, and 
proportionally to the condensation which ought to result 
from it ; that is, if the observed length be h'y there must 

(T— ^ \ 

This supposes thi&t the mercury of the barometer hat 
the same temperature as the surrounding air ; but thb 
is not always the case, and the temperatures are som€«» 
limes very differentr If, at each station where this cir« 
cuiBstance is met with, we wished to wait until the ba* 
rometer had acquired the same temperature as th^ am* 
bient air, we should be obliged to wait several hours be^ 
fore we should be able to make the observation; for these 
changes are only completed with great slowness. Toavoid 
this inocmvenience, the temperature of the mercury, in 
the barometer, is measured by means of a small thermos 
meter adapted to the former instrument ; and the tern* 
perature indicated by this thermometer at the two stationsp 
is that Ivbich must be used in the reduption of the barbme« 
ters to the same temperature. Suppose tha;t it marka 
(T) degrees at the lower station , (0 at the upper, and 
that the length of the mercurial column observed at thift 

. last station is V^ we are to take A = A' H + ^ jV . V^ L 

l&y resuming the preceding considerations, the deifti* 
tive formula for the measure of heights by barometric 
cal observ^ions, according to our experimented wSl be 

X=:20050.1826 (I + 0.00?837 cos. 2 +) [(l + — ). 



"N 
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in which 4* is the Utitude of the place, k and t the ba^ 
rometrical height ^iid temperature at the upper station, 
H and T the analogous quantities at the lower station, 
r the height of that same station above the level of the 
sea, expressed in yards, and a the mean radius of th^ 
earth, expressed in the same measures ; that is, equal 
6962074 ydsp 

By means of the preceding formula, the difference of 
level of any two places may be very accurately determin* 
ed from , barometrical observations ; but these observa* 
tions roust be n^ade with great care, and very good in- 
struments, without which great errors may be commit- 
ted. Calm weather, and near the middle of the day, 
should be chosen for the observations as often as possi- 
ble. One obseryer should be fixed at each station with 
instruments previously compared. There each of them 
observe!, at the time appointed, the height of the ba- 
rometer ; he notes at the same instant the state of the 
thermometer attached to the barometer, in order to 
have the temperature of the mercury ; and also that of a 
very sensible detached thermometer, exposed in the shade 
as well as the barometer, and intended to give the tem- 
perature of the air. These observations should be re- 
peated every quarter of an hour, the watches having been 
well regu^ted by ejEich other, until a certain number of 
ebervations Iiave been attained, ten or twelve, for exam* 
pie. Then the two observers meet and compare again 
their instruments, in order to ascertain whether they have 
suffered any accident. If they are found to correspond 
accurately, the mean of the observations made at each 
stati^^n i$ tp be taken, and the difference of level calca* 
|ated with the^e . means^ If the operation have beei^ 
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p^rfornded with all the precautions above described^ thei 
result will only be susceptible of very small errdrs, ari-> 
sing from accidental irregularities of pressure and tem« 
perature of the atmospheric strata: errors which may 
be made to disappear by their reciprocal compensations, 
by repeating the observations on different days, and ta- 
king an arithmetical mean between all the results. By 
thus uniting five or six series of corresponding observa- 
tions^ made with good. thermometers, and with a barome« 
ter mounted with a nonius which gives at least the ^34-{^th 
of an inch, we may answer for two or three yards in the 
greatest heights. 

If, by a long series of observations made at the same 
place, the mean height of (he barometer and the mean 
temperature of the atmosphere be determined, the for- 
mula will give the height of that place above the level of 
the sea, or any other determinate point. For this, we 
must also have the mean height of the barometer and 
thei mometer at this second point, and then calculate by 
^ the formula as" we should do for two stations where we 
bad corresponding observations. This supposes that the 
mean temperature at the surface of the earth always re« 
mains constant, as well as the height of the barometer at 
each place, and it is possible that these elements may 
suffer some variations ; bni the invention of the barome- 
ter and thermometer being of too modern a date to deter* 
mine this, we may, at least, without sensible error ^ re- 
gard them as constant during an interval of some years. 

.For performing the calculation, the mean height of the 
barometer at the level of the sea must be known. Ac- 
cording to the experiments of Sir George Schuckburg, 
which are regarded as very accurate, it is 30.035 inches, 
or .834307 of a yard, at the latitude of 50^, the mean 
temperature of the air and of the barometer being 5bVi 
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of Fabrenlieii's tfaermometer. At Paris, ai tte level €^ 
{he mean waters of the Seine^ under the Pont Royal^ 
the mean height of the barometer is .SSllSGyds., and 
the mean temperature bSI'S ', with these given quantities^ 
and a long series of good observations made at the same 
jplace^ the height of thai place above the level. of ^rts^ 
or of the sea, might be found.. 

Barometrical observations, calculated in . this manner, 
and combined Irith the latitude and longitude^ would 
serve to determine the position of the different poiott 
of the earth's surface. In fact, the two co-ordinates, 
I^itherto used, only determine the projection of placet 
upon the sur&ce of the globe ; they do , not make their 
elevation known, which the height of the barometer may 
serve to indicate. For this purpose, there should be 
made at each place a series of observations with the ba-^ 
rometer and thermometer for several years, in order io 
ascertain the mean temperature and the mean he^ht of 
the mercury. Good instruments only should be employ-* 
ed, and they should be well compared with each other* 

Similar operations, which might easily be extended to 
the whole of Europe, would give, jfbr this fine portion 
of the globe, a complete levelling, and much more ex« 
tended than any obtained from trigonometrical measnre* 
ments. It would distinctly mark the directions of the 
chains of mountains, the declivities of rivers, and, above 
all, it would show the form of the- earth's surface much 
better than simple description;;. Physical geography, 
too little cultivated at present, would undoubtedly de- 
rive great advantage from it. 

To induce observers to undertake this w<Mrky I have 

^subjoined a table, which^ without any other calculation 

than a single subtraction of two numbers^ will give the 

elevation of places, and the difference of level, from tba 

observed heights of the barometer and thermometer. 



OK TOPOGEAPHT^ 201* 

This Table k calculated from a modification of the* 
formula i^hich has already been indicated, and which, 
consists in uniting the correction relative to the decrease 
of gravity with the constant co-efficient of the formula^ 
wiiich raises it to 20114.5848 instead of 20050. 1826^ 
86 shall now be shown. » 

For this purpose^ the rigorous formula may be 
resumed, making, for the sake of abridging the 

work, Nzz 20050.1826 ( 1 + ?I ) (i + 0.002837 cos. 2 +) 
^1+ Q^ U and we shall have 

As A is contained in both members of this equation,, 
it must be eliminated. To effect this, let the logarithm 

X 

of 1 -I- -T- be developed, and the first power only be ta^ 

X ' 

ken, whence we have -z^ 9 M being the modulus of th^ 

log-tables, or 2.3025850 ; then, by performing the multi- 

X 

plication with the factor 1 + — , and always limiting 

ourselves to the first power, we shall have 

X=N.l.«.^ + S(l«g.« + |)x, 
from which we readily obtain 

Nlog.lJ 
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The deDominator of the second memlier is nearly 

N 
eqaal to unity ; for the co-efficient ■>-, by which the te- 

a 

I 

roh.u * .2 D 
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oci»d iem is multiplUd, is a v^y Msall fmcUWi tnd very 

1 
little di^erent from ,q^; and the other factor^ log. 

H 9 ' 

-T + i^j call never exceed nviij within the limits 

of barometrical observations ; in fact| the qiftiility 
H is constant and equal to .8685830 ; the other termi 

l^' -T wtidi is f ariable^ is much snalter ^1> siace 

even by supposing H=.8311S6yd, and A=;.656t6 jd, 
'srhich answers to a difference of level of nearly 2190 yds, 
its numerical value is only = 0.1086683. We might, 
therefore, neglect this term,- because of its small in- 
fluence; but it will be better to retaia it, and assign to it 
the mean value obtained from the preceding ealculaiion ; 
for the error which may result from it when h is less than 
.65616 yd, will always be small in the greatest heights to 
which we can' attain; and that which may take place 
irhen h is greater, will be attenuptted by the smallness of 

H 
thclo^. .^ in the numerator. By this means, the se* 

COnd term of the denominator becomes constant ; ibr, 
on account of its smallness^ we may calculate it with the 

constant psurt of N, and then its value, ^ by using _ = 

^) is 0.0088071. The denomtnatdr is, therefore^ 

1 — 0.0028071, and, by carrying it into the numerator by 
division, as a factor, it becomes 

X=N (1+0.0028071) log. 5. 

In the value of N, a mean value might in the same 
Hauuer be assigned to r, which escpresses. the heigM. of 
the lowei station above the level pf the sea ; for the cor« 
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reetioii wbtcfa mvltt from it, hiiving tbe radius of tb# 
earth for a ditisory ist so stitally tb^t We might almost re^ 
jeclU altogether^ espeelailj^ in small (^Iffereitces of level ; 
but for the tame reason, it will be better to Iretain it, aad 
afss^ti to it a meail Valud which approacbea to those vol 
lAAkk itt tnfine^ee may Ueeome sensible. For tht^ pur^* 
pose^ let it be supposed that f =: 1S1S.32 yds, irfaich is^ 
]^rhkpS) nearly tlie mean height at whiah ttevellers majr 
have the mbcit frequent occasions to make obtenraiiom 
opbn the mountains in our climates* We ihall thns hdird 

^ = ^SSnlr = O.000S7699. The constant part ot 

Ibe eo-effi^ient, which was at first 90050. 189S, will, there^ 
ftve, by these transformation^ beeome SOOSO.lftM' 
(I ^O.00OS7«9d).(l'f 0:0028071)2:80114.5848, and tmi^ 
^nenfly^ the expression for the difference of teirel 
will become X=S0n4.d8i8ydft. (1 ^ 9.002837 eoi. 2 4^) 

This fonftttla posseWBea all the accuracy which we caa 
hope to attdin by baiometrical Observations; Compared 
with the rigorous expression for X, it will give only a little 
more than four yards of error in the height of Chimba* 
ra(o, which is about 6430 yards, according to the obser* 
vations of IVf • Humboldt ; much more will it be sufficient 
in all the barometrical levellings in which travellers may 
be interested. It is this simplified formula that has been 
iredttced into a table* 



Explanation of the Burametrical Tablet. 

It may first be remarked, that the factor 1 +0.002837 
090. 2 4^, wMcb depeads upon the latitmle^ will always b6 
extremely small, for it is nothing at 45* of latitude ; andat 
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Ae equator, or at Ihe pole, where it attains its masimumf 
its second term is also less than -rSr^^I^f so that .the cor- 
rection which resalts from it, will not be the fiinr^ of 
the observed height. It might, therefore, be neglected 
' ift most obsertations ; hot, in order that it may be , talcen 
into the account, I have formed a small table of its vatoes 
for every 5^ of latitude. This table shows at once what 
is to be added to or taken from the difference of level 
calculated with the other terms of the formula, in ofder 
io have regard to this correction. Thus, it appears, for 
example, that at 45*. of latitude, the height does notre« 
quire any correction ; at 40* there must be added to the 
height calculated^ -sihirtl^ of its value; at 35* it is tH7» 
tnd so on ; on the contrary, ffom 45^ to ihe pole, . the 
fraction of the height contained in the table must be. sub- 
tracted. An application of this correction^ill be .made 
by and by to some numeribal examples. , 

It therefore only remains to consider the other terms of 
the expression for X, which becomes 

,X=20114'6848fl+ ffi^)log.5 

The difSculty of reducing this expression into a table, 
arises from the circumstance of its containing three varia- 
ble elements, T+^, H, A; that is, the sum of the de- 
tached thermometers, and each of the observed heights 
of the barometer at the two stations, after being correct- 
ed for the expansion of the mercury. But this difficulty 
may be eluded by a simple artifice, which may be useful 
in many other cases ; this artifice consists in decomposing 

H . 

the log. -7 into two terms of the same form, viz. log. 

.831136 yd. ^^ .831136 yd. ... a * r 4^ 
—£. — — log» jj-i — , It IS evident, in fact. 
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that the difference of these two terms is eqilal to log. ^ I 

but these terms being both oi^ the same fotm^ may be given 
by Uie.same table. By ijitroduoing them into the Talue 
9f X, we shall, have ' i* . . t 

X = 20114:5848(I+ <^). ( log. ^-^ 

-log. J?lg?il ) 

It appears that it will be sufficient to construct a table 
of the quantity j» , 

S0114'Wl+ <I±0. >, ^88IIS6yd^ 

in which we may give to T +^ and h^ all the values which 
may be met with in common observations. Then, when 
thevalues T+^9 A and H^ are given for a particular ob* 
servation, we may enter the table first with T +t ohd Ay 
and we shall find a number ; then with T -f- ^ and H we 
shall find another number. The difference of these two 
numbers will be strictly the difference of level X. The 
table which, is subjoined to the. end of this, chapter is 
thus constructed. The first vertical column of each page 
contains the heights of the barometer for every thou- 
sandth part of a yard, from .831 yd,* (29.916 inches) 
to -.650 yd, (23.4 inches,) which answers to about 2310 
yards in the difference of level. These values are sup* 
posed to be brought to the same temperature, for exam- 
ple^ to that of the lower station ; so that if the lengths of 
the observed columns of mercury are H and A, and their 



* As the first column of the Table contains only three figures/ the 
last three of the number .831136 are necessarily omitted; and for 
^e ▼mlue of these, vix« 136, see the note opposite the first page of the 
Table. TramUOor* 
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temperatares (T) and (0> Ibe table must be entered witb 

((T) (tfi 

It wonld be almost as simple to reduce the fempertfttfet 
of tbe two columns of mercury to thai of melting User 
ivhich would render the calculations oniforirt. 

The first horizontal division of tbe table, entitled 
Sum of the Detached THBaii6METER9, presents 
the values of T+^, calculated for every degree of Fah- 
renheit's thermometer, from 20^ to 74*. 

Though the extent of this table is confined to iht 
limits which hav« been assigned, its use may be 
extended to all possible cases, by means of a very simple 
artifice, which shall be subsequently explained by ap« 
plying it to (he calculation of the height of Chimboragi^* 
For the present, we sfanll consider"^ the common eaae^ la 
which the table is to be entered with soph values irfT-f /, 
H and A, as are compriaed in it. 

Having the height of the barometer at the upjper sta* 
tioi), the small correction is to be made for tbe expaiisioA 
of mercury^ and we shall then have h ; we must then 
€nd in the first column of the table the number whieh 
approaches nearest to if, and follow the horizontal 
line corresponding with this number, until we arrive at 
the column which answers to T+^ ; the number which li 
found at the meeting of these two columns will be the 
first term of the formula expressed in 'yards. 
N The same operation is to be repeated wilb tbe value 
of H relative to the lower station, always employing the 
same value of T-f ^ ; and the second term of the formula 
will be obtained in yards* 

If H be less than .831 yd. the second tern is to be 
subtracted from the first ; and tbe dififeren^e will bo tha 
value of X; or the difierence of level required. 
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IM if H be gneater thui .fiSl yd. the seeond term 
niifit be added to the first. 

Let it be svpposed, for exampte, that the following 
quantities if ere giyea. 



-nrr 



Height nf the\ Detached 
Bar9nut0t, \ J^ermometer 



ZojK>er StationOSiOZyd. 
Upper Station 0.65i95 






— I 

Attached 
TherMftneter 



+ 6i*A 



^•m* 



LaUludif. 



■^—p 



SO' 



The difference of the temperatures of the mercury is 

18^; the correction of the upper barometer is therefore 

•65495 )^ 18 

4 — Tjsja — ^ = .00121 yd. oidditive ; we have therefore 

T+/=4e*.4 H=0.8S02 yd. A=:b.65616 yd. 

With T+t46\4 and A=0.65616 the table gives 2 169.97" 

Wi(hT+^=:4ff».4andM=0.8202--..-. — 120.16 

Difference 2049.81 

Add •..•... K5» 

2051.^1 

.-.-... — 1.01 



Correction for the latitude — 



I 



2030 



The required difference of level in yards 2050.90 

Thistable also furnishes the means of ascertaining the ' 
beights of places above the level of the sea, when, from 
a long series of observations, the mean heights of the baro- 
meter and thermometer are known. It will be suiScient 
to combiae tbe^e given quantities with tho,<^ analogous 
to fliemat the surface of the sea. Now, according to 
the observations of M. Shuckburg, which are reckoned 
▼ery exact, the mean height of the barometer at the level 
of the ocean, for the latitude of 50% is .83431 yd. ; and 
the mean temperature, at the same latitude, 55^04 of Fah« 
renheit*s thermometer. 



* Sse the note oppotite the first page of the Table. Trofislaiar, 
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Let these Taloeg be compared with their conesponding 
ones at Genera, latitude 46^.18'. According to the ob« 
•eryations of the celebrated Saussure, the temperature at 
Geneva is equal to 53" S of Fahrenheit, The mean height 
of the barometer in that city, according to M. Cotte, is 
.79461 yd. This result is derived from a series of ob- 
eervations continued for 14 years. 

The temperatures of the mercurial columns are here 
the same as that of the air ; their difference is 55?.04 — - 
d3^«6=:F.44 ; consequently 

hrziA^m-^-^^^^^^^^^ims yd. 

With A=. 79473 yd. and T+l=:44*.64, 

the table gives* 409.17 yds. 

With ^H=:.8343Iyd^ and T+/=44^64,^ +, 36.64 
H being greater than .8311 the sum is to be 

taken -.=446.81 

Correction for the mean latitude -^-:r:?:r- - • — .22 



2030 



Height of Geneva above the level of the sea=:445.59 yds. 



* As the table is only calculated for every degree of the thermome- 
ter, and every thousandth part of a yard for the height of the baro- 
rometcr, when smaller fractions than these are to be used, their 
values must be obtained by means of proportional parts. For exam- 
ple, the value of h at Geneva being .79473 yds. the corresponding 
number is comprised between those answering to -795 and .794 ; look 
in each of^hese lines for the numbers which correspond to T+izz,^; 
in the first, it is 405.77 yds. with a diflference of .432 for 1«>; this will 
give 0.S8 nearly, for 0.64 : thus, the number in this line which an- 
swers to 44^.^4 is 406.05 yds. The same for the following line, from 
which the analogous number is 417.31 yds. with a difference of .444 
for 1^ which gives nearly ,29 for 0''.64 ; thus the number iu this 
line corresponding to 44°.64 is 417.6 yds. Subtracting the less of 
these numbers from the greater, the difference H.55 is the variation 
in altitude, for a change of one thousandth part of a yard in the 



\ 
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These two examples are sufficient for the caies where 
H, h and T + t &re comprised within the limits of the' 
lable, as the calculation will always be the same. We 
fihall pass to the case when one of these quantities fs with-' 
out the limits of the t^ble ; let it be T 4-/. 

It very seldom happens in observations that Hhe sum* 
of the detached thermometers is less than 20* above the 
freezing point of Fahrenheit's scale, or more than 74® : 
but when tjiis does take place, the opferation is as fol- 
lows: — 

If T -f ^ be lesi^ than 20% let the number of degrees ne- 
(cessary to make it equal to that be added. Suppose t' to 
be this number. With' the observed barometrical co- 

/ 

lumns H, h and T4-^+/'=!^0% enter the table as usual ; 
but when the partial heights have been found in yards, 
8ubti;act from each of them the product of f multiplied 
by the difference for 1% which is found in the same hdri- 
zontalline* Thus you shall obtain the same numbers as 
the table would have given if it had extended below 20^« 
An artifice analogous to this roust be employed, if the 
sum of the detacjhed thermometers, the degrees of each es* 
timated from the freezing point, exceeds 74:* of Fahrenheit. 
In this case, the number of degrees necessary to bring it to 
74* is to be subtracted ; and to each of the partial results 

- I I • • I - I r r i 

\ 

height of the barometer at this temperature : but from .79472 to .795 
the change is 6.00028 yds.; this gives 3.234 yds,, which must 
]^e added to 406.05, answering to .795. yd.; we shall then have 
409.284 yds : this increased by 1. 5 (see the note opposite the first page of 
the Table) gives 410.784 yds. the required number. These reductions 
are tftken at sight from the^ table, ^nd, with a little experience, 
they are much easier to execute than to explain. It is in this man- 
ner, that in the Use of logarithms, we find the logarithm of a number 
which is not in the tables, but contained between two numbers 
%at aie comprised in them. . • * 

VOI^, !• 2 B 



^b^jfijed for H i|iid fiy the product of this ^xce^s by tbe 
differeoce for 1* is to be added. 

The reasons ppj^n Tf^bjch the§e mfihods of opera^iqii 
arp fo«in4ed i§» ih^t ^hp nunaberf in the f^ro.e horizon- 
tal line of the tfible iQCfefuye by the saine f|uafiiity for 
^h df^ree* ^l^e coniropn diffetepce of this arUh* 
fiiejticel prq|prp9sioQ i| expre^sf d in the l^st column, en<« 
titled, Offfcrences for l\ 

NeTertheless, as hfs ftlrefidy been remarked, ^e shall 
very seldom have occasion to make nse of these reduc- 
tions. 

It ^irill not be ^he ^am^ for tho^ ^hich relate to H and 
h. TJiejie ^ii^itief may often be pnt of the liisUs of 
^he tablpf blit thp;|r m^y always l^e brought tf itljfin theo^ 
by fm aftificjs ||0 fipiple, that it if ill biP be^t^^ to ntfike 
^$e fif if th^ tp incrf ase the e?tpnt of the tablg. 

first, if tl p^peed .jSSI yd. ^bi^h cjnly happens very 
fjjldfiiPi tb^ difef/^pce ^jll ^liYays b§ ycry smal| ; fo| 

t^e gl^f^,t^t ^ieigW§ ^f^^f ^^m^i^T <M ST? ohs^^vfA St 
jbe surfi^p^ of thf earthy do ppt pxcgpd .853 jd. ; in fbis 
p^se, the t^p pbse^Y^^ beigh}? H ap^ ^, ip§y l^e jJiipi- 
aisfijed \^ the fame proportion ; tjiat j? to say, wp m^y 
lybtf^pt frpfi^ each of tb^ni j^ qf ij|5 yalqe, or iV if i* 
|» pepess^ry. Then H i^ill b^ found iq tlj^p tab]e, i|nd 
the operations may be performed with these transformed 
«aJnp8 thp SE^^ i^9 in Hsp cp|nmo|i p^^se, 

^ =: m\0m ( 1 1^-^^ ) lo^- 1, cont^in^ODlj the 
H 

IRrili not be fltei^ed ^y ^ither incfeasii)|^ Or diminishing 
t»pth termq in th? ^ine |uropQj^|on« If it be npl su^cient 
lio subtract T^T^th from H to bring it ^itfeij ^(^ tf^^l^ ^yi 
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may be subtractea, ^nd then ii Will c^rtafinly W TfiiKil 
the lifflittf. Seippose that we hid, for example, 

H=0.«5yd. andA=0y3ytf< 

Subtracting 3A^th..-.^-.--..0^O85_- .9,016 

The corrected values of H =0.765 A=0.684 

which Af6 botD found id the table. With these values 
and that of T+ty look ^or the partial hV^S^te <^ ustral^ 
and their difference :^ill give the difference of level. 

Any 6 flrer frttctibn nlkt^Iit be e^tially mbiUcttS. ftc« 
ramita^ tVtB examptey 

H:±O.S5yd.....A-0.76y»; 
SuWrad^iBg t*?tk.i— .....0^0^.. ,. 0.007^ 

H=:0.9tl6 ..-.A=t©.74«« 
As H doeij not yet ente'r into 

the table, subtracl zgkih ^k^h 0.008415 ,' Ji . . . a.007a8t 
The corrfetted valif^sf are H=O.89908Sr aM kssS?lS^t6 

Tfa^s^ vala^sf Wil'f ^i^effib ikiie Stm€ti&^ </f feVel li^ 
the two first which were obtained by subtracting -i^th; 
'tMtf vS^f miif U pf&^m {im tHe iihk^ by edfet^tttjbg 
Wi<A'etf6& ol^th^hi ^V^ely. 

h^tv[¥ DOW esAlfAiM^ <F^e i^M ih Wftieh A iVlesi' tlh'aW 
•65 y*. tftfe ftiperioV HAi< d( ^ ta&fe. In thist ci^e itf 
might easily be brougU #HB»r thi Mtt^ b> liii inAii^ 
gous operation, that is, by multiplying the two terms.of 

the ffstcttonl ^ Sy (be same number ; but this operation 

inay fiavetlie incbnveiiience of catising H to exceed the ta« 
ble, by mailing it giPeaier f BaYf :Si5' j^ff. Iti orSl^t to tffk^ 
this inconvenience, thfc operation' may be performed in th^ 
following nlanner. JRfcsuming tlie formula . . 



.831"^ 
H 



): 



make Log. 



A TBEATISi; 
.SSI""' 



k 



= log. 



A (1+4) 



,831''^ , . , .831'*- , .821'*-' 



then bare X = 20114.5848 (l + 

.831'" 



66*91 
900 



shall 



).{]oS' 



.831'^ . , .SSI'"- 



, _, .SSI'"- A 



^ ^he three tejrm$ ^hicb eonstitutc ihe value of X. may 
lie taken in the table. Let Azz.S.^'^'*-, we shall have 
A (1 +i) s ;.(J5'^> and A will be brought within the linoits 
of the table.. .TJiis proceeding will therefore suffice; wten 
the barometrical .column at the upper station is not less 
than .52^^-, which answers to an altitude of about 415& 
jards above, the. levfel of Ihe sea. This case requires dnly 
Qip additioii bf one term more^ and it very seldom hap- 
pens thf^t mtc arb elevated to gteater heightsy .at least in 
Epfope. ; . : 1 • 

ExAM'PLE..' lyi .'Humboldt majde the Tollowine obser«, 
VJsttions upon the mountain of Quindiii, in the kingdom^ 
ofNiSW Gr^n^da, atthepoiat of separation of the waters 
Hfrhich flow on the one. side into the Atlantic oc^an^ and 

on .the other into the Pacifio Ocean, 

•»o« * ' » - ■ 






^. mT 



► r» 



Upp^r Station 

At the level of 
the Pacific 
Oc.ean,atthe 
•ame 



-~A-2 - ' - 



Height of the 
Barometer. 


Detached 
TheTtttometer. 


Attached 
Thermometer. 


yd- 
0.557537 


66*.75 


68* 


6.834S56 


' 77.64 


> 

77.54 




' 


I 



lAititutU. 



o n;^, ro p aq ra ^m y . SW 

Here we jhaVe Aci0,567537 f 1 -t- ^;^ j = 0.558083 ' 

Add^th of A. -J-. ..•.-.-.-. ^,. p. .----•0.139621 
alu^.of // brought within the table, ---.-A =0.697(^0* 

. H =0-834356 |W,T+fc=7V,a9', J .;-,*♦•. -,.: 4:- ^.20 ' 
Theconst0.6649i j , . ... - w - i . . - (,^ - ; 2119.73 . 

Add. '4-.. ...... -__^.6 t 

Sum »'. .J..... S^.bs 

Correction for latitude + -3^ f lO&f . 

tieigfil above' the occSari .-.!...;.-- . . F833.75 yds 

. . The same ai^tifice would also serve for poiii(s still i»or« 

elevated, for if Awas^ not wUl^ip. the lipiitsof; ^be table 

^ - • ' ■ ^ 

when we had multiplied it bj ^^ nothing prevents ^9 
ftom^mnH.iplying .agaid by^ J, -provided tliat^ instead of 

the term log; 'v? -v;, yd. we take its double. In effect, 

^ ° «66A91'' ' 

^ , :.,,,, .831 ,, .831(1 4^ i)' , 

trehave eyidentlj^log. r^^- = log. ^^^^^y = loj 

.831 \. £4 1 r 1 .831 . /-1 1 ' •831. 

then we *all •have;X = 261l|!'5?^8 ( 1 + ^IglS 



* The reduction of the numbers frqxn* Frepch to English measures 
iucreases the number of decimal pfac^s, and renders the cafculatioiit 
much more troublesome than those which result from actual observa- 
lionSy in which the observed numl)ef seldom exceeds three places of 
decimals. It may also be remarked, that, in reducing the heig^ht of 
the barometer ^as observed at one station to what it would have been 
at the temperature of the other, it .will generally be a sufficient 
approximation to divide by ^600 instead of 9742, and to limit our- 
selves to four or £ve plates of decimalsy which will facilitate the caK 
culations. Translator, 

t ^* ^he note opposite the first page of the Table. 



«f4 



.891 



.8^ 



.851 



r)- 



litis fbri^ate ir not more difflcfilU t6 calculate than the 
preceding one. I( will be sufficient for any altitude 
equttl te t&ttt of Cbindbdra^a; but, if we ^»h to exceed 
all {Ke Keigbts aceessibleto man^ cfven that of the asceok 
sioii of Ga^-LiHsae^ we shatt hare ontj tatake 

"Tp- -f» log- " ^Qi \ ; * formula which will also b« 

t^Bry* ^s)r 16 diTdtfl^. Tti^ folldwhrg U an exatitple 
cif it- ^pllted to fl^e mealsttre of the Kergfart of CliimbOlagdi 
fiJ^M.de^^ Humboldt. 



I • ' • • 



Height of the 
BaromH$r 



Vpfetfittt/Ox^A 



Atlhtelevelof 
' ihe Pacific 



Jttzsssya 



Jhtached 
ThermonUUr 



29^.12 



AUmehed 



1 i- « 



ii-^Ml 



TfHtifuitn 



so* 



Oeeatt^...38S»237dt 77*M 



7T.M 



f 



1*45' 



IIei€ wcrbavis 



«7».5« 



*=.4125gS(i + ■^^)3.412588+.0088S73B«416415 

l^He result not beiag comprised io the tables 

add J(tb of its valoe t^ain < . .: . 129817 

•UWUOv 

This fe«ttl« i« verjr new the liMttii of f&^ tblild^ 

let -ith of its value be added agaiil ...... . 162^!^ 

WehiiYefin«Hy'...:....^....„.,..-...A=,tll^ 



.yinik 4 5= .81 1S58 ) c^^mp'^^ 2ts.m 

Const. quaii.=.^64^} y (^ • « - 1 1* - S040. 1 7| 

20*0,174 

S040.174 

Add 1.5x3. ..^-.*.......__jK5_ 

s^m.. ^,^ .•gseg.ise 

Correction for UtiMe -y^rj.^ 4-18.0 9^ 
Height of Cl^iml^oriL^o »l)ore tho sea ..-.,.. *@d87.^ jdf 

Lastly^ tkere only remains tto case to be examined, ia 
which the two values of I( and h ate both less than ,65 
yd. ; thi; is very easy^ But the quantities are to be 
multiplied by the same number, so that the lower slatioa 
may be fiouad in tl^e table^ ^ftef which t)^e operation i« 
the s^me a« aboye. 

£xAMPLE, Suppose that fravellcrs had passed tbt 
night at 1^6^4.64 yards'of elevation, an4 that they begin 
lo a^C£iid from this poinjt. At the time of departure the 
barometer stopd at Md^ yd. and the heights observed in 
ascending were all less than th^t fiumber. Required Ihe 
calculation by the table, ^ 

In order to fix the idealls, sup- 
pose we had ...... ^--.H==:d:634 A=b'.514 

A4ding i^o^b tp each height. . ^ . 0.0634 0.0514 

H=D.6977yd-A=0.^654y(|. ^ 
Now H being contained in the table, the calculation is 

r 

to be performed f|s in the preceding examples. 

Specimens of these differept examples have been ^ub« 
joined tp ^l}e '!l['^ble, in order to bring the numerical ^p- 
p}icatiq{|s into one view, and avoid the necessity of re*? 
ci^rring tp t)ie text. 

Some general indications, which M. Ramond has de- 
duced from numerous e^perhadents^ shall now be specie 
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fied ; tliey will selrve to show obserrers what degree of 

precision thej may expect from barometrical measures, 

according to the state of the atmosphere. 
!• The estimated altitudes are generally too little. 
When the observation is made in the morning or 

ereningr 

When the lower bairometer is in a plain, and the up* 

per barometer in a narrow and deep valley j 

When the wind blows strongly from the south ; 

When the weather is stormy ; and in this case we may 
commit great erroirs* 

II. The estimated altitudes, on the ^ntrary, are too 
great. 

When the observations are made between twelve and 
two or three o'clock, especially during summer, aod 
under an ardent sun. 

When the upper barometer is at the top of a moun* 
tain, and the lower one in a narrovv and commanded pass* 

When the north wind blows strongly, particularly if 
we are on a, mountain, and the wind strike against its 
steep side. 

Lastly; an important remar]^ may be added. 

Observation proves, tha(. all other circumstances being 
the same, the mercury is always more elevated in a syphon 
barometer than in a cistern barometer. M . Laplace has 
shown that this inequality is an effect of capillary action, 
-which depresses the column of mercury in the cistern ba» 
rometer, while it is compensated in the two legs of the 
syphon barometer. ' 

The following table has been calculated by M. Laplace 
to correct this effect, and the reader will find, at the 
end of the Barometrical Tables, the Table relative to fhe 
correction for latitude. 



I 



ON forttasAPiir.: Alt 

Ttbh of DepruHtn of the MtitemTf in the Barometer, 4iru»ng 

from CifiUarjf Aetion. 

fnteHor tHameter of the Tutei, Otfttntan <* 

t'nAcim. o/an Jiici. rfwim. 0/ on i(td|. 

.07874 ..-.,.... .17952 

.1181 1J486 

.1575-... 08087^ 

.1968..... .05927 

.«S6« ^04520 

.8756 0347a 

.3150 02697 

.354S... «.... 08104' 

.3937..... 01654 

.4724 ....01024 

.5118 , 00806 

.5519 00629 

•6590 00490 

.6!^-.-. 00382 

.6693 ..00297 

.7087 00232 

i7480 ..00170 

.7874 .00139 

fftmerU^ Eitampkt of the Calculation ^ Jltitudet by the 

Formula. 

X=:201i|!m48( 1+0.002837 cos. 24'). ( 1 + — ^ V. 



/ , .881 , .831 A 
(log.-.- log.-^j-J, 



H=:tiie height of the eolnniti of mereury at the lower 
station 9 expresised in decimal fractions of a yard. 

An the height of ihe mercurial column in the upper 
station^ anrreeted for the expansion of mercury « 

TOL* f* 2 F 
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T4-/=the sum of the temperatures of the air at the 
two stations, expressed in degrees of Fahrenheit's 
thermometer. « 



ai 



Case iJ When A and H are both comprised in thi 
Table, consult it immediately. Example. 



Lower Station 
Upper Station 



Height of the 
Barometer. 



6.8S02yd. 
Q.65495jd 



Detached 
Thermometer. 



+ 64'. 4 
+ 46". 4 



j^tt ached 
Thermometer. 



+ 64?. 4 
+ 46».4 



Latibide. 



T+<=4(P.4, H =. 8202 yd,A=. 65495 yd. (l + 



SO* 



18 



9742/ 

the table gives2]69.97jds 



= .65616 yd. 

With A =.65616^^ ^ , .^,, 

H=.8202 5&T+^=*6«.4^ ^^^ _^^ 

Difference ...2049,81 

Add ;. 1.5 _ 

2051.31 

1 
Correction for Latitude ^--^. . .-...». — 1.01 

Difference of level SO5O.30ji^ 

The terra H is subtracthe when its value is' less than 
►831 yd. and additive when it is greater than .831 yd. 



Case II. When h is not comprised in the table, bat 
exceeds .525 yd. Example. 

Latitudt. 



Upper Station 
Lower Nation 



Height of the 
Barometer. 



,55T537yd 



Detached 
Thermometer. 



+ 65\75 



^ AttacheM 
Thermometer. 



,+ 68' 



834366yd| + 77».54 1 — 77'.54 



5' 



( 



9742 } 
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T + < = 79'.29, H = .834356"^ ft = .557537"- 

=0.558083jrd8. 

Adding ith of A 0.139521 

Yalue comprised in the table ........ h = 0.697604 

With A =.697604^ /the table gWe. 16.63.65yds. 

H=.834356V&T+t=79».29) ........ + 38.20 

Constant .66^91} ( 2119.73 " 

Add 1.5 

S823.08 
Correction for Latitude ..-..,..-1-10.67 
Difference of level "^833.75yd8. 

Case HI. When k is less than .525 yd. and greater 
than .43 yd. Example. 



' t 
,1 


Height of the 
Batometer. 


Detached 
Thermometer. 


J! tt ached 
Thermometer. 


Latitude, 


Upper Station 
Lower Station 


.429719 
.833323 


29*. 12 

77'.54 


50* 

77*.54 


1*45^ 



(1 + 



T + ^ z= 4»>.66, H = .833323, h = .429719 
27«.54 \ 



9742 



= .432546 



Add ithof A ^ 108136 

.i540682 
Add again -Jth of this value , 135171 

^ A =.675853 

With h =.675853^ f thetawegirw 1890.818 

H = .833323 > & T+te42\66 < + 25.548 

Const. q.=. 66491 ^ ^ 2040.174 

A d d th is term again 2040 . 1 74 

Add 1.5x2 V 3 

Sum 6999.714 

Correction for latitude -^^j . . -j- 1 7.045 
Difference of level 6016.759yds. 



9i0 A f AlSATISS 

Case IV. Whm H h\naL cmnpri^d in the UiAcy it 
may be made taenia it by multiplyiiig or dtfiding both 
H and A by the same number ; for example, by either 
addiag qm ^fsMtwimg from eadi -^ of its Value. 

Let ,.H=:-6278yd. A=.527yd. 

Addf^...... .>06278 .0527 

H=:.69068 Ajs.5797 

Then the ^ItiCiide is to be, calculated with these num- 
'bers a& in the preceding examples. 
. Ifp on the contrary I Hz:; ,853 yd. Ar:.795 

Subtract Vo t.*. .>0853 , ,079S 

H=:J677 A =.7155 

Tlien the remainder of the c»)c«latioii is to be per- 
formed with these heights. 

If the sum of the detached thermometers is not com- 
prised in the table, the prc^iortional parta contained at 
the end of each line are to be used. 

When the difference pf , level is vciy small, the ine» 
qufilitgf of ,the temperatures of the two columns of 
mercury may prevent the real difference of their length* 
from bein^ {usfcertained ; and then it will not be known 
which is to be taken for A and H. But, in this case, 
it is only necessary to reduce either of them to the 
temperature of the other ; and then the shorter tyiH bt 
h^ and the longer H. 

Lastly, When an error of a few yards is of no con- 
sequence, as in the courses of Botany, it will be suffi" 
cientto take for A, H and T+^ the even thousandths of 
a yard and whole degrees only, neglecting the fractions ; 
then the difference of level will no* require fifteen se* 
conds of time for the calculation. 
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Observation.^As the scale of the centigrade thermos 
meter, used by the French, cpmmeiices 'at the freezing 
point, the zerOy or 0, on that scale, corresponds to the 
SK2nd degree of Fahrenheit's thermometer; and, as T+if 
in the preceding formnlee and examples, indicate the sam 
of the two temperatures taken above the freezing pointf. 
it was necessary, in reducing the degrees from the centi- 
grade to Fahrenheit's scale, to add 82^ to each number ; 
consequently^ 64^ must be subtracted from the sum of 
the temperatures, as given by Fahrenheit's ihermometeri 
and the Table entered with the reniainder, as stated.at 
the head of each page. For instance, in the example 
relative to the height of ChimboraQo, page 214 or 219^ 
the two temperatures as marked by the detached thermo^ 
meter, according to Fahrenheit's scale, are 29^.12 and 
rr^M; and therefore T+t = (29o .l2+77o .64) — 64» 
m 42^.66 ; the number with which the Table is to be en* 
tered. But, should the remainder not be found in the 
Table, the process to be followed is explained at page 
S09, and applied to the subsequent examples. 

The same observation is also applicable to all the other 

Tramkaor. 
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TABLE I. 

fk Redmee' m Jngk Otterwed m m MdimmlPlmu um 
twrtffmMi^ HtTuomtal Amgk, tMke m Nmmber im tUs 
Table, with ike Argmwumi (H + h}» mui tkei^ a Second 
Number, wiik tkg Argmmeui H — h). 

To Reduce m Herizouttd #r Spkerieui Jngk U tie Jngk$f 
the Chardi, take iu the $ume Table ajtret Number, with the 
Argumeut{P'^Q)aud a Seetmdwiihthe Argument {?^Q)^ 

ABOUMBNTS (H ±h\ (P±Q). 



M. 



1 

2 
3 

4 
5 



€^ 



6 

7 
8 

9 
JO 

II 
13 
15 
14 
15 



i6 

17 
is 

19 



31 

33 
04. 
S5 



0,OiiO 
0»001 
(\Q07 

o,ooa 

0,005 



1« 



I y 



0,814 

0,86a 

0,893 



o,oor 

0,0J0 

o^oj3 

0,021 



1^ 



0^026 
0,030 
0>036 
0,041 

0.047 



r 



> < 



0,064 
0,06l 
0,0fi8 

0,076 

0,984 



0,098 
0,103 
0,113 
.Q»i33 
0,133 



0,931 

P,94fl 
0,971 
UOrff 

1,036 



l,0C6 

1,096 
1,137 
1,158 
1,190 



1,322 
1,354 
1,387 
1,330 
1,354 



1,388 
1,433 
1,457 

1.493 
1,538 



3.6^ 
3,148 

8,552 
3,305 



m ^ ■^: 



S\ 



wi- 



■^»*«- 



9 All 

3,530 



f,3l6 
7^95 
7,475 
7,554 
7.634 



S.69P 
SfiBS 

3,741 

».79« 
S,«55 



3,912 
4,02$ 

4»145 



7.005 
7,0«2 
7,i60 
7.W7 



7.715 
7,796 
7.*77 
7,959 



•.1S4 
•.JOT 
M9< 
«,»75 
8,4»9 



4^S 
4k«65 
4.9S5 



ASS&.. t.ioi 



4>447 



•,544 
9,699 

«.7r5 



8,SS7 



4» 



19.211 
13,3(3 
]3.48( 
12,589 
12,692 

12,796 
12,900 
I3.00J 

13,110 
ISfili 



13,321 
13,42» 
13,334 
13,641 
13,749 

13,M7 

13,965 
14,074 
14.164 
14,298 



*MMPM« 
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M. 



^6 
27 

I. 30 



31 

33 
34 
35 



36 

38 

39 

40 



Mi 



4t 

44 

45 



46 

47 
48 

4» 
50 



©•. 



0,143 
0»154 
0,166 
0,1 f» 



0,203 

0,217 
0,230 
0,244 



!•. 



1,564 
1,601 
1,638 

W13 



■^i«OT 



0,?74 
Ok«9 

MSI 



1,790 
1,8^ 
i,8( 
1.909 



Pali<IH» 



0*885 
0,573 

0^8 



M0 



0,446 
0^467 
0ki87 

0,503 

0^529 






i,9*9 
1,990 

9,081 
«,073 
9,115 

M I ■■»» ■ 



t.lM 
2,200 

2,M8 
2>S2 

iMI II <« ■■ 



2,376 

2,421 

2,467 
2^513 

2^9 



9». 



i«44»i 



4b808 
4,570 
4,633 
4^«$3 
4i75» 



3*. 



4,822 
4^886 
44>5l 
5iOl6 
5,081 



Mm 



5,147 
6,213 

5.280 

4i347 
3,414 

9,482 
6,1(0 

6,619 
5,688 
»>758 



ii mt , 



5.8S8 

9.699 

mo 




8,97* 
9.0fil 

9,1*9 

9,326' 

d.415 
9.504 

9,59* 
9,68< 
9,77i 

9»s6fl 
A95al 

mo5d 

io,I42 

IC^328 
10,422 

»o,6i6 

l<J^705 



4*. I 

4,960 

5,073 
5,186 
5,300 
5,413 

5.528 
5,642 

5,873 

16,105 
6,222 
6,340 

16,467 
6,575 

ttifi ■ 

6JB9* 






«fc 



fi,*96 
VK99i 
^»<oe9 
1M86 



'til* 

tf,«»7 
l7J'80 
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TABLE If. 



In the Redw^ion to ike Harizon^ the Timgent Number t# pen-' 
tive, and the Co-tangent Number is negative. The cantrery 
* takes place for^the Angle of the Chords* 



». -r-*- 



Cotang. 



// 
00 
14181, 5 

7P1K), 8 
47S7, « 
3M5« 4 
2886, 3 
23&3, 3 



0,21 
0,24 

0,«7 
0,30 

0,33 
0,36 



9 
6 



2005, 
1773, 
1575, 
141i8, 

1289, 1 
.1181, 7 



180 

90| 

40 

.30 

• 20H 

It) 

179 



Angl. 
D.M. 



Taog. 



0.39 
0,42 
0,45 
0,48 
0,51 
0>54i 



-10.-0,57 

«o| o,6o 

0,63 

0,66 
0,69 

0,72 



1090,80 
iai2,80 
94i5,30 
^86,20 
834,03 
787,70 



. 50 
40 

20 

IX) 

178 







■^^ 



746,22 
708,89 
675,11 
,544,40 

616^7 
590/68 



50 
40 

ao 

20 
10 

177 



10 
20 
90 
40 
50 




ft 
0,72 

0,75 

0,78 

0,81 

0,84 

0,87 
0.90| 



Cotaog. 



Cot. 



Tang. 



- 50 

!' 40 

30 

. 90 
§0 

176 



Angle. 



0,93 

o,d6 

0,99 
1,02 

1,05 
1,08 



10 Ml 
20 ^iM 
30 1,17 

40 ;l,fO 
50 ^tS 
/1,26 



8 



10 
20 
30 
40 
50 




l.«9 
1,82 
1,35 
1,88 
1,41 
1,44 



Cot. 



tw 



590,68 
567,02 
545,19 
524^98 
50^21 
488,74 
472,44 



457.57 
442,86 
429»42 

416,77 

404,84 

393,58 



382,92 

374.8$ 

. 363,24 

! ^54,14 

3i37,24 



329,3^ 
3^1,87 
314,70 
307»84 
301,27 
294,9» 



^^^S' Angle. 



176 
50 
40 
30 
SO 
10 

175 O 



mmmm 



' 50 
40 
30 
20 
10 

174 



50 
401 

30 
24 
10 
173 



•f 



-54 

30 
' 29 

10 
172 
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IP 



ff 



D.M, 



8 
10 
SO 
30 
40 
60 

9 



JO 
20 
SO 
40 
50 
10 




10 

20 

■ 

30 

40 

50 

IS 



10 
SO 
30 
40 
50 
14 




it 

1.44 
1,47 
1,50 
1,53 
1,56 

1.59 
1,62 

1,65 
1,68 

1.71 
1.741 

1,77 
1,80 




2,02 
2,05 
2,08 

2>14| 
2,17 



?.20 
2,43 
2A^ 
2,«9 
2,32 
2.35 

2,38 

2,41 
2,44 

2.47 
2,50 
2,i^3 



O'PSRAriOMI.% 

tm 



Cotang. 



9t 



294^8|17S 

288.93 

233,14 

^77,56 

272,20 

S67»05 

262,09 



257,30 
252^8 
248,23 
243,93 
239,78 
235»77 



231,88 
228,12 
224,47 
220^5 
217.52 
214^22 



211,00 

207,87 
204,84 
201,90 
99*03 

96»25 



93,54 
90,90 
88,34 
85,84 
83,40 
31, 



78,72 
7,6,37 
74,27 
72,12 
70,03 

67.99 



tl>i«g. 




04167 



O^g«9«ff0 eFSBTAtl^M. 






20 



Tanfw Cotipf • 



t9 



9A4 

S,7i> 
3,73 

a,7S 
3,S2 



»# «.i 



"4,6b 

4Ur6| 

Co*. 



/» 



14,99 

>5,02 

14.07 
13,13 
19,20 

11.29 



10,39 
09,11 
0Bfi4 

07,79 
06,94 
06,11 



05.d( 

04.49 

08,701 

09,91 
09,14 
01,38 



100,63 

99»I7 
97/04 



HpiW 



l60 



159 





50 
40 
30 

20 

10 





158 



50 
40 
30 
90 
10 
01 



Angle. 
D.M. 



Tug* 



26 
10 

20 
30 
40 
50 

27 

10 



Cotmg. 



4t7« 

4^79 
4^32 
4,8ti 

4^99 
4,99 
4,95 



23 Q 



4,98 
20} 5^0) 

30! ^5 

40 $/is 

5q 5^11 

5^141 



99/iO 
«9l,77i 

9M<? 

90.54 

^9r94 

89,35 






»iiii«*«<BP»— "^ 




r 



96.35 

95,67} 

95,00) 3 

94^4 

93,6^ 

93,^)4 



«*• 



^,35 

33,17} 
37,60: 

37,03 
35,92 :»33 



154 
50 

40 
3<» 
90 
10 




IMM 



35,37 
34,33 
34^301 

33,77 
33,25 
89;74 



3^29 

31,71 
3l,lj 
90ji 



SO 
4« 
30 
20 
10 
159 • 



m^m 



50 
4« 

30 
SO 
30^,9^ 10 
7ft7<!l51 • 



7!>,9I 
7t,SI 
73.33 

rr,43 



res$^iM • 



Wl^ 



41$ 
It 



76.of 

r4,7o| !• 

74k3«{l4§ |l 



5J 

29 



7^.9« ^ 5ft 
r3,55 4b 
73,14' 3f> 
?2,7ft 9 
r2.33 ' M> 
71,901 14fil jb 
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D.M. 



62 



■fV 



84 




«.I4 

6.S4 

«>3» 



CMiitfi 




»7 



«»J4 
6.47 

«.64 
6.67 

6.7e| 



6.W 
6.?7 
6.60 

6.M 
6.«? 



lof 6je 

>7.0« 

?.07 

y.io 





14S 

50 



i47 



U6 



66.77 
66.4S 
66,09 
69,95 
65,4e 



145 



* 



»5,0<) 
64.76 
64. 4C 
64,1« 
6».80 
6S.4t 

'6it6 
69,95 
6S.85 

161,61 



!6M5 
<6l,0S 

;66.77 
'60,48 

'60. r$ 
SS>90 



144 



50 
■42 "O 



CotMgi 



7,*4 

7.Sf 
7.61 
7.64| 
7.68 
7/71 



7,74 
7.7S 
7.81 
'7.83 



Tta** 



142 
D.M. 



10 



:7.9!< 
7.9* 

8,0!i 
8,05 



8,U 
!S,ld 

8,« 
8.!26 
8,29 
M9 



C«t. 



142 



141 



uo 



06,42 
i6.17 
66,92 
55,67 
65,4& 

*'6.i7 
4^>45 

ift3,04 
52,81 



1S9 



138 



W 



3$, 14 

31,70 
*»,4S 
31»«6 
31,05 

■■■I I 

Tang. 



D.M. 
AdkIc 



^MBMpM| 
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Angl. 
D.M. 

• 


S.33 


C0tM«. 




Angle. 
D.M. 


Tang. 
9,fi2 


CoUng. 


* . • « 


44 


« • 
5 1,0s 


196 


50 


99 • 

44,23 


180* 


10 


8,36 


50,8i 


t 50 


10 


9,65 


44,06 


50 


20 


S,40 


50,6? 


40 


20 


9M 


4S.90 


40 


30 


3^43 


50,4« 


30 


30 


9,73 


43,73 


30 


40 


8,47 


50,21 


20 


40 


9.76 


4S,»7 


20 


50 


8,50 


50.00 


10 


50 


ftSO 


43,40 


10 


'45 


8,54 
8,57 


«9,80 


135 ( 

• 


51 


AM 
9,87 


43,S4 


189 


1 .. 10 


49.59 


50 


10 


43,08 


50 


.. 20 


^61 


^,39 


40 


20 


ft9l 


42,92 


40 


30 


8,65 


4AIi) 


. 30 


30 


9,95 


42,76 


30 


40 


8it68 


49.09 


. 20 


40 


9,9i 


4«,60 


20 


50 


^,7^Z 


43,79 


10 


50 


10,02 


42.44 


i »^ 


46 


8,76 
8,79 


48»59 


134 C 


52 


10,06 
10,09 


4«,29 


r ' 


10 


4$k39 


50 


10 


42.13 


50 


^ 20 


8. S3 


48,20 


40 


20 


10.13 


41,98 


* 40 


^ 30 


8.87 


48,01 


. 30 


30 


10,17 


41.82 


.: 30 


: : 40 


8,90 


47,82 


. 20 


40 


10,20 


41,67 


' t 20 


;. 50 


8,94 


47,63 


. 10 


50 


10,f4 


41,52 


10 


47 


8,97 

9.00 


47,44 


133 


53 


10,28 
10,31 


41.37 


187 


.. 10 


47,25 


. 50 


10 


41.22 


' 50 


• 20 


9,04 


47.66 


. 40 


20 


10,35 


41,07 


40 


\. 30 


9.07 


46,88 


30 


30 


10,39 


40,92 


30 


. ^ 40 


9M 


46,69 


20 


40 


10,4^ 


,40.77 


20 


50 


a.w 


46,51 


10 


50 


10,47 


40,62 


:. 10 


:48 


9.21 


46,33 


132 


54 


10,51 
t0«54 


40,48 


ii?6 


... 10 


46,1 S 


50 


10 


40,33 


» 50 


20 


ft.35 


45,97 


40 


20 


10,58 


40.19 


40 


.30 


9.29 


45,79 


30 


30 


10,62 


'40,04 


. 30 


V 40 


9,32 


4j,6l 


V 20 


40 


10,66 


39,90 


. 20 


~ 50 


9.36 


45^43 


10 


50 


10,70 


39,76 


.. 10 


'{i9 -9 
. * 10 


9.40 
.9U3 


45,S6 


1^1 . 


bS "0 


10,74 
10,7? 


39,62 


1^5 


45,08 


"~50 


10 


.S9,*8 


: ^ I 50 


K- 20 


0,4.7 


44,9J 


'. 40 


> 20 


10,8» 


SAS4 


*ti 4( 


' - SO 


9i51 

• 


44,74 


f ^ 30 


. 30 


10,85 


39,20 


. 50 


40 


9M. 


44,57 


,20 


•' 40 


10,89 


SA06 


.. 20 


50 


9,58 


44,40 


-. 10 


50 


10,93 


38,92 


10 




9M. 
Cot. 

• 


44».23 


130^ 


56: 

-. A. 


10.91 


38,79 


124 


•TliW.-. 


d7m. 

Angle» 


1 


"!>««. 


D.M. 
Angle, 



.«r 



I 



/ 
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An|s:l. 
D.M. 

56 q 


Tang. 


Cotang. 




Angl. 
D.M. 


Tang. 

12,39 


Cotang. 




S^J9 


124 d 


62 


34,33 


118 


10 


11,00 


33,65 


50 


10 


12,43 


34,21 


50 


20 


n,04 


38>52 


40 


20 


12,47 


34,10 


40 


. 30 


11,08 


38,?9 


30 


30 


12»5l 


33,99 


36 


40 


11,12 


38,25 


^0 


40 


12,56 


«3,88 


2(J 


50 


ii,i6 


dS,12 


id 


50 


12,60 


33,77 


10 


.57 


11,20 
11,23 


37.99 


123 


63 


12,64 
12,68 


33,66 


117 


10 


37,86 


50 


10 


33,55 


50 


20 


1J,27 


^7J^ 


40 


20 


12.72 


33,44 


40 


30 


11,31 


37,6o 


. 30 


30 


12,76 


33,33 


* 30 


40 


11,35 


37,47 


20 


40 


12,80 


33,22 


20 


50 


11,39 


37,34 


10 


50 


12,84 


33,11 


10 


58 


11,43 
11,47 


37,2 J 


122 


64 


12,89 
12,93 


33,01 


ll6 


. 10 


37*08 


50 


10 


32,90 


50 


20 


11,51 


36,96 


40 


20 


12,97 


32,80 


40 


30 


U,55 


S6,^S 


30 


30 


13,01 


32,69 


30 


40 


11, S9 


36,71 


20 


40 


13,05 


32,58 


20 


50 


11,63 


36,58 


10 


50 


L3,09 


32,48 


10 


69 


n,6? 

11,71 


36,46 


121 


65 


13,14 
13,18 


3$,38 


115 


. 10 


36,33 


50 


10 


3«,«8 


50 


20 


11,75 


36,21 


40l 20 


13,22 


38,17 


40 


30 


11.79 


36,09 


30 


SO 


13,26 


32,07 


30 


40 


11,83 


S5,97 


fiO 


40 


13,30 


31. .97 


20 


50 


M,&7 


35,85j 


10 


50 


13,34 


3i;«7 


10 


60 


11k91 
11,95 


35,73 


120 


66 


13,39 
13,43 


31,76 


114 


10 


35,61 


50 


10 


31.66 


50 


20 


n,99| 


35,49 


40 


20 


13,47 


31,56 


40 


30 


12,03 


Z5,$7 


30 


30 


13,52 


31,46 


30 


40 


12,07 


35,25 


20 


40 


13,56 


131,36 


20 


50 


12,11 


35,13 


10 


50 


13,60 


31,26 


10 


6l 


12,15 


35,02 


119 


67 


13,65 


31,16 


113 


lb 


13.19 


34,90 50 


10 


13,65 


91,06 


150 


20 


12,23 


34.79 


40 


20 


13,7^ 


B0.96 


40 


30 


I2»27 


34.67 


30 


30 


13,78 


30,87 


30 


40 


12,31 


34,56 


20 


40 


13,82 


$0,77 


20 


50 


12,35 


34,44 


10 


50 


13,86 


30,67 


10 


62 


12,39 
Cot 


34,33 


118 


68 


13,91 
Cot. 


30,58 


U2 




Tang. 


D.M. 
Ande. 




Tdhg. 


D.M. 

Anffle 







«BODE8IC OPERATIONS. 






Angl. 
DM 


Tang. 
13!9« 


Cotang. 




Angl. 
D.M. 


Tang. 
15.54 


Cotang. 




68 


30,58 


112 


74 


27,37 


106 


10 


13,95 


30,48 50| 


; 10 


1^,58 


27,28 


50 


20 


13,99 


30,39 


40 


20 


15,63 


27,20 


40 


90 


14,04 


30,29 


30 


30 


15,68 


27,12 


30 


40 


14,08 


30>20 


20 


40 


15,73 


27,04 


20 


50 


14,12 


30aO 


10 


50 


15,78 


26,96 


10 


69 


14,17 
14,ai 


30>01 


111 


7$ 


15,83 
15,87 


126,88 


105 


10 


29,91 


50 


10 


26,80 


50 


. 20 


i4»26 


29,82 


40 


2Q 


15,92 


26,72 


40 


30 


14,30 


69,73 


30 


30 


15,97 


26,64 


30 


40 


li.35 


29,64 


20 


40 


16,01 


26,56 


. 20 


5( 


14,39 


29,55 


10 


50 


16.06 


26,48 


10 


70 


14,44 
14,48 


29,46 


110 


76 


16,11 
16,16 


26,40 


104 


10 


29,37 


50 


10 


26,32 


50 


20 


14.53 


29,28 


40 


20 


16,21 


26,24 


40 


30 


14,57 


29,19 


30 


30 


16.26 


26,16 


30 


40 


14,62 


29,10 


20 


4.0 


16,31 


26,08 


20 


50 


14.66 


29,61 


10 


50 


16.36 


26.00 


10 


71 


14,71 
14,75 


28,92 


109 


77 


16,4] 


25.93 


103 


10 


28,83 


50 


10 


16,45 


25,85 


50 


20 


14,80 


28,74 


40 


20 


16,50 


25,77 


40 


30 


14,85 


28,65 


30 


30 


16,55 


25,70 


30 


40 


14,89 


28,56 


20 


40 


l6>60 


25.62 


20 


50 


14,94 


28,47 


10 


50 


16,65 


25,54 


10 


72 


14,99 
15,03 


28,39 

- 

28,30 


108 


78 


16,70 
16,75 


25,47 
25,39 


102 


10 


50 


10 


50 


20 


15,08 


28,21 


40 


20 


16,80 


25,32 


40 


30 


15,12 


28,13 


30 


30 


16,85 


25,24 


30 


40 


15,17 


28.04 


20 


40 


16,9a 


25,17 


20 


50 


15,21 


27,95 


10 


50 


16,95 


25,09 


10 


73 


15,26 
15,30 


27.87 


107 


79 


17,00 
17,05 


25,02 


101 


10 


27,78 


50 


10 


24,94 


50 


20 


15,35 


27,70 


40 


20 


17,10 


24,87 


40 


30 


15,40 


27,62 


30 


30 


17,15 


24,80 


30 


40 


15,44 


27,53 


20 


40 


17,2d 


24,72 


20 


50 


15.49 


$7,45 


10 


50 


17,25 


24,65 


10 


74 


15,54 
Cot. 


27,37 


106 6 


80 


17,31 
Cot. 


24,58 


100 


1 


Tang. 


D.M. 
Angle. 


m 


Tang. 


D.M. 
Angle. 





> 


«BODE8IC OPfillATIONS. 






Angl. 
D.M. 


Tang. 

tt 

17.31 


Cotang* 




Angle. 
D.M. 


Tang. 
18,90 


Cotang. 


r 


80 


24»5S 


100 


85 


22,50 


95 


10 


17,36 


24,50 


50 


10 


18,95 


22,43 


50 


20 


17,41 


24,43 


40 


2P 


19,01 


22,37 


40 


30 


17.46 


24,36 


30 


36 


19,06 


22,80 


30 


40 


17.51 


24,29 


20 


40 


19,18 


22,24 


20 


50 


17,56 


24,22 


10 


50 


19,17 


22,18 


10 


81 


17.62 
17.67 


24,15 


^^ 


86 


19,23 
19,28 


22,12 


94 


10 


24,08 


50 


10 


22,05 


50 


20 


17,72 


24,01 


40 


20 


19,34 


21,99 


40 


30 


17,77 


23,94 


30 


30 


19,40 


21,92 


30 


40 


17,82 


23.87 


20 


40 


19,45 


21,86 


20 


50 


17,87 


23,80 


10 


50 


19,51 


2i,86 


10 


82 


17,53 
17,98 


23,73 


98 


87 


19i56 

19,62 


21,74 


93 -0 


10 


23,66 


50 


10 


21.67 


50 


20 


18,03 


23,59 


40 


20 


19*68 


21,61 


40 


30 


I81O9 


23,52 


30 


30 


19,74 


21,54 


30 


40 


18,14 


23,45 


.20 


40 


19, do 


21,48 


20 


50 


18,19 


23,38 


10 


50 


19'86 


21,42 


10 


83 


18,25 
18,30 


23,31 


97 


88 


19*92 
19,97 


21,36 


92 


10 


23,24 


50 


10 


21i29 


50 


20 


18,35 


23,17 


40 


20 


20,e3 


21,23 

• 


40 


30 


18,41 


23,11 


30 


30 


20,09 


21,17 


^ 30 


40 


18,46 


23,04 


20 


40 


20,15 


21,11 


20 


50 


18,51 


^%91 


10 


50 


20,21 


21,05 


10 


84 

4 


18,57 

18,62 


22,91 


96 


89 


20,27 
20,33 


20,99 


91 '0 


10 


22,84 


50 


10 


20,93 


50 


20 


18,68 


22,77 


40 


20 


20,39 


20,87 


40 


30 


18,73 


22,70 





30 


20,45 


20,81 


30 


40 


18,79 


22.63 





40 


20,51 


20,75 


20 


50 


18,84 


22,56 


10 


50 


20,57 


20,6p 


10 


85 


18<90 
Cot. 


22,50 
Tang. 


'^S 


90 


20,63 
Cot. 


20,63 


90 0, 




D.M. 
Angle. 




Tang. 


D.M. 

Angle. 


^ In the reduction to the horizoD, the tangent number is posi- 


tive and the co-tangent is negative. The contrary takes place 


ia reducing the horizontal angle to that of the chords. 

1 





OBODI 



TABLl 



Product sac. H sec. i^ 



^. C I 2", 50' I 2*. 40' 



I " n ■ ■■ 



:|= 



3^ 

!2* 





50 
40 
30 
20 
10 







t » t "H 



1,0027 
1,0036 
1,00^5 
1,0033 
1,0022 
1,Q031 
1,0030 



1,0026 
1,0035 
li0024 
1,0023 
1,003 J 

1,0019 
1,0018 



a*. 30' 



1,0025 
1,0023 
1,0022 
1,0020 

1,0019 
1,0018 

l,00t71 



^.^0' 



1,00123 
1,002 1 
1,0020 

1,0019 
1,0018 

1,0017 
1.0016 



2^ 10' 



■^»- 



2^,0' 



l^. 50' 



i,oa29 

1,0030 

i>00J9 

1,0018 

1,0017 
1,0015 
1,0014 



1,0021 
1,0Q19 
1,0018 

1,00^7 
1,0011 
1,OOH 
1,0013 



1,002:0 

1,0018 
UOOI7 

l>qoi6 

t,Q014 
1»0013 
1,0012 



1,(|[>18 

1,0017 
1,0016 
1^0015 
1,Q013 
1,0012 
1,0011 



1*.40^ 



J,O0l« 

1,0016 

l,001J 

1,OOH 
1,0013 
1,0012 
1,OOJO 



u 



I. 



50 |,0Q18 
*40 1,0018 



30 
20 
101 





1,0017 
1,0016 

1,0016 

1,0015 



1,0017 
1,OOKS 
1,0016 
1,0015 
1.Q014 
1,001« 



1,0016 
l,b015 
1,0014 
1,0014 
1,0013 
l,0013i| 



lO. 50 1,00 5 
40 1,001 5 
30 1,0014 
20 1,0014 
10 1,0014 
h O 1,0014 



1.0013 
1,0013 
1,0013 
1,0012 
I1OOI2 
1,0012 



1,0012 
1,0011 
1,0011 
1,0011 
1,0011 
1,0011 



1,0()15 
1,0014 
1,0013 
1,0012 
1,0012 
1,0011 



1,0013 
1,0012 
1,0012 
1,0011 
1,0010 
1,0010 



1,0011 
1,0011 

1,0010 1,0009 



1,0013 
1,0011 
1,0011 

i,owo 
1,0009 

1,0009 



1,0011 
1,0010 

1,0009 

1,0009 
1,0008 
1,0008 



1,0010 
1,0010 
1,0010 



1,0009 1,0008 
1,00091 1,0008 

1,0007 
1,0007 

1,0007 

U0007 



1,0008 
1,0008 
1,0008 



1,0010 
1,0009 



1,0009 
1,0008 



1,0009 i,ocoi 



1,0008 

1,0007 
1,0607 



l;0007 

1,0007 
1,0006 
1,0006 
1,0006 
1,00061 



1.0007 
1,0006 
1,0006 



1,Q006 

1,0006 
1,0006 
1,0005 

1.0005 
1,0^05 



"T^ 



-•»■ 



1,0005 
1,0005 
1,0003 
1,0004 
l.OOW 
1,00W 



tftATIOKS. 



^r^ 



II. 



ipimenta H and h. 



i\ ao' 



1* 20' 



^'j»-^mii *t«.i*»uwwi »w 1*1—^ 



^•0 >^i 



1,0017 
l,00l6 
1,0014 
1,0013 

1,00 r^ 

1,0011 
1,0010 



1,0009 
1,0008 
1,0007 

1,0006 

1,0006 
1,0005 



1J0016 
I|0016 
1,0013 
1,00 u 
1,Q0I1 

i;ooio 

1,60Q& 



1". 10' 






iiooos 

l,000f 
1^000^ 
1,0005 
40005 
%0004 



i,ooi6 

1,00U 
1,0012 
1|0011 
1,0010 

1,0009' 

i,0008 



!•• 0' jo*. 50' 1 0*. 40' 



1,0007 
1,0006 
>,0006 
1,0005 
1,0004 
1,0004 



1,0015 
1,0014 
1,0012 
4,001 1 
J.,CP10 
l>0009 
1,0008 



1,0007 

1,0006 
1,0005 
1,0004 
1,0004 
1,0003 



kiU. 



1,0015 
1,0013 
1,0012 

:i,ooii 
1,0009 

1,0008 

1,0007 



0*.30' 



1,0006 

1,0005 
1,0005 
1,0004 
1,0003 
1,0002 



1,0014 
1,0013 
ik,00l2 
1,0010 

i,aQ09 

1^08 
1,0007 



1,0006 
1,0005 
1,OOQ4 
1,0003 
l,00O3 
1,00021 



1,0014 
1.0013 
1,0012 
1,0010 
1,0009 
1,0007 
1,0006 



0*. 20' 



1,0012 
1,0011 
1,0010 

1,0009 
1,0007 
1,00061 



O*. 10' 



1,0014 4^14 



1,0006 
1,00Q5 
1,00Q4 
1,0003 
1,0002 
1,0002 



1,0005 
1,0004 
1,0Q04 
1,0003 
1,0002 
U0002 



1,0012] 
1,0011 
1,0010 
1,0008 
,1,0007 
1,0006 



0^0' 



1>,0005 
1,0004 
*,O0O3 
1,0002 
1,0002 
1,0002 



1,001 4 

i,oai2 

1,001) 

1,0010 
1,0008 
1,0007 
1,0006 



1,0005 
1,0004 
1,0003 
1,0003 
1,0002 
1,0002 



1,0005 
1,0004 
1,0004 
1,0004 
1,0003 
1,0003 



l-,0004 
1^0003 
1,0003 
1^0003 
1^0003 
1^0003 



1,0003 
1,0005 
1,0002 
1,0002 
1,000^ 
1,0002 



l;0003 
li,0002 
1 ,0002 
1,0002 
1,0002 
1,0002 



f 
i 

•If 



ni^. y i n ai^ 



I ) 



'I » H i 



1 ,0002 
1,0002 
1,0002 
1 ,0002 
1,0002 
1,0001 



1,0002 
1,0002 
1,0002 
1,0002 
1,0002 
1,0002 



1,0002 
1,0002 
1,Q0Q2 
l,000i 
1,0001 
1,0000 



1,0002 
1,0002 
1,0001 
1,0001 
1,0001 
1,0000 



1,0002 
1,0001 

uoooi 

1^,0001 

i,oqoa 
i,oqoo 



1,0001 
1,0001 

1,0600 

l,0QOO 
l,OCfOO 
l,OQOO 



"t- 



•SOBSSie OYKmATIOlTf. 



A. 



3 

6 

9 
U 

15 



18 
SI 

27 
30 



63 
€6 

69 
72 
75 



78 
81 
84 

87 
90 



TABLE 17. 



ABGUMBliT A, or Ohmrtei Arngk^, 



0,458 
0.230 
0.153 
0.114 
^ 0,090 



0,075 
0,063 
0,054 
0,048 
0,042 



33 0,037 

36 0,033 

39 0,030 

42 0,027 

45 0,024 

48 I 0,022 

51 0,020 

54 0,018 

57 0,016 

60 0,014 



0,012 
0,011 
0,009 
0,008 
. 0,006 



0,005 
0,004 
0,003 
0,001 
0,000 



1 



93 
96 

99 

102 
105 



108 
111 
114 

117 
120 



123 
126 

129 
132 
135 



138 
141 
144 

147 
150 



153 
156 

159 
162 
165 



168 

171 
174 

177 
180 



0,001 
0,003 
0,004 
0,005 
0,007 



0,008 

0>009 
0,011 

0,012 
0,014 



0»0l6 
0,018 
0,020 
0,022 
0,024 



0,027 
0,030 

0,033 

0,037 
0,042 



0,048 
0,054 
0,063 
0,075 
0,091 



0,114 
0,153 
0,231 

0,467 
0»000 



This table contains the 
two small terms — | (« 

sec.H«€C.»)*i2L^+ i 
sin. 1" 

(i.sec.Hsee.*)Yi±?2^1 

V sin.* 1" J 



of the formula for the 
duction to the horiaon. 
(see page 79h 

It supposes 11 sec* H sec. 
A=100": and it appears 
that with this value these 
terms are still insensible, 
and may almost always be 
neglected. The numbers 
IB this table increase or di- 
miiiish in the ratio of the 
squares of the ralues of 
(fi sec. H sec. h) ; thus for 
120'' they are to be malti* 

1.44, and in general by 
/IOO+jpV 

100 /- 

It also appears from a 
comparison of the two co- 
lumns of the table, that the 
part which depends upon 
the cube is nearly nothing. 






TABLES 



FOR 



IVEDUCING TO THE MERIDIAN 



THE 



^enith Distances of the Heavenly Bodies^ 

OBSERVED WITH BORDA^S CIRCLE, 

« 

OR OTSER IjrSTBVKBVTS. 







( 


GEODESIC OPERATIOMI. 








• 

TABLE I. 


Redmctiam to jht Meridian for the Observations. 1 




ABGCMBMT. Horttty Angle i» Thme. 1 


Sec. 


0' 
0!:0 


I' 
2"0 


2' 


3' 


4' 


5' 


"i n 





7"8 


17'7 


31"4 


49"1 


70"7 


96"2 


1 


0,0 


5,0 


8,0 


17,9 


31,7 


49,4 


71.1 


96,9 


2 


0,0 


2.1 


8,1 


18.1 


31,9 ^9,7 


71.5 


97.1 


3 


0,0 


2,2 


8.2 


18,3 


32, 2 50, 1, 


71.9 


97.6 


4 

5 


0,0 
0,0 


2,2 
2,3 


8,4 


18,5 


32,5 


50,4 


72,3 


98,1 


8,5 


18,7 


32,7 


50.7 


Tt.T 


98,5 


6 


0,0 


2,4 1 


8.7 


18,9 


33,0 


5i;i 


73,1 


99, O 


' 7 


0,0 


2,4 


8,8 


19.1 


33,3 


51,4 


73,5 


99.* 


8 


0,0 


2.5 


- 8,9 


19,3 


33,5 


51,7 


73.9 


99.9 


9 
10 


0,0 
O, 1 j 


2,e 
2,7 


9.1 


19,5 


33,8 


52,1 


74,3 


loo. 4 


9.^ 


19,7 


64,1 


52,4 


74,7 


10O.8 


11 


0,1 


2,7 1 


9,4 


19,9 


34,4 


52,7 


75.1 


101,3 


12 


0,1 


2,8 


9,5 


20,1 


34,6 


53,1 


75. S 


101,8 


f 13 


0.1 


i,9 


9,<S 


20^3 


34,9 


53,4 


7S.9 


102,3 


14 
13 


0,1 
0,1 


3,0 
3,1 


9,8 


20,5 


35,2 


53,8 


76,3 


102.7 


9,9 


20,7 


35,5 


54,1 


76,7 


103,2 


i6 


0.1 


3,1 


10,1 


20,9 


35,7 


54,5 


77.1 


103,7 


17 


0,2 


3,2 


10,2 


21,2 


36.0 


/54,8 


77.5 


104,, 2 


18 


0,2 


3,3 


10,4 


2U4 


36,3 


55,1 


' 77.9 


104.6 


19 

20 


0,2 
0,2 


3,4 
3,5 


10,5 


21,6 


36,6 


55,5 


78.3 


105,1 


10,7 


21,8 


36.9 


55,8 


78.8 


105,6 


21 


0,3 


3,6 


10,8 


22,0 


37.2 


56,2 


79.2 


106. 


22 


0,3 


3,7 


11,0 


22,3 


37,4 


56,5 


79.6 


106.6 


23 


0,3 


3,8 


11,1 


22,5 


37.7 


56,9 


80,0 


107,0 


24 


0,3 
0,3 


3,8 
3,9 


11,3 


22,7 


38,0 


57,3 


80,4 


107,5 


25 


11,5 


22,9 


38,2 


57,6 


80,8 


108, 


26 


0,4 


4,0 


11,6 


23,1 


38,6 


58,0 


81,3 


108,5 


27 


0,4 


4,1 


11,8 


23,4 


38,9 


58,3 


81,7 


109.0 


28 


0,4 


4,2 


11,9 


23,6 


39.2 


58,7 


82.1 


109,5 


29 


0,5 


4,3 


12,1 


?3,8 


39,5 


59,0 


82,5 


119,0 






* 1 1 1 - 1 j 





• 




^BObKStC OFBBATIOMSf 






1 

Continuation of TABLE I. 




V 

ABdtMBl^T; itcrary Akgle in Time. 

1 




Sec. 


0' 

// 


. 1' 


r 


3' 


4' 


5' 


6' 


V 




14 


ti 




• »i 


• 


H 


30 


0,5 


4,4 


12,3 


24,0 


39.8 


59,4 


83,0 


110,4 


31 


0,« 


*.5 


12,4 


24,3 


40 1 


59,8 


83,4 


110,9 


32 


0,6 


4.6 


12,5 


24.5 


40,3 


60,1 


83,8 


111,4 


33 


0,6 


4.7 


12,8 


24,7- 


40,6 


6o,5 


81, '2 


111,9 


34 


0,6 
0,7 


4,8 
4.9 


12,9 


25.0 


40.9 


6o.8 


84.7 


112,4 


^^ 


13,1 


25,2 


41,2 


6.1.2 


85.1 


U2.9 


^6 


0,7 


5,0 


13,3 


25,4 


41,5 


6l,6 


* 85,5 


113,4 


37 


0.7 


5,1 


13)4 


25,7 


41,8 


6l,9 


86.0 


h3 9 


38 


0,8, 


5,2 


13,6 


25,9, 


42il 


62,3 


86,4 


114,4 


39 
40 


0,8 

0,9 


5,3 
5,4 


13,8 


26,2 


42,5 


62.7 


86,8 


114,9 


1 4,0 


26,4 


42,8 


63,0 


87.3 


il5,4 


41 


0,9 


5.6 


14,1 


f&fi 


43>r 


^%^ 


VJ,1 


115,9 


4^ 


1.0 


5,7 


i4,3 


26,9 


43,4 


63,8 


88.1 


116,4 


43 


1.0 


5,8 


14,5 


27.1 


43,7 


64,2 


88,6 


116,9 


44 


1,1 
1,1 


6.9 
6,0 


14,7 


27,4 


44,0 


64,5 


«9.0 


117.4 


45 


14,8 


27^6 


44,3 


64,9 


89,5 


117,9 


46 


1.2 6,1 


15,0 


''^>^ 


44,6' 


65.3 


89,9 


118,4 


47 


1,2 ' 6,2 


15^2 


28,1 


44,9 


^^.1 


90,3. 


118,9 


48 


1.3 


6,4 


15,4 


28,3 


45,2 


66,0 


90,8 


119.5 


49 
50 


1.3 
1.4 


6.5 
6,6 


15,6 


28,6 


45,5 


66,4. 


91.2 


120,0 


15,8 


28,8 


^^,9 


66,8 


91,7 


120,5 


51 


1,* 


6,7 


15,9 


29.1 


46,2 


67,2 


92,1 


121,0 


52 


1.5 


6,8 


i6>i 


29,4 


46,5 


^Ifi 


91.6 


121,5 


53 


1,5 


7.0 


16,3 


29,6 


46,8 


68 


93.0 


122,0 


54 


1.6 
1,6 


7.1 
7,2 


16,5 


29,9 


47.1 


68,3 


93.5 


122,5 


16.7 


30,1 


47,5 


6^.1 


93.9 


<23,1 


56 


1,7 


7.3 


16,9 


30,4 


4/,8 


69,1 


94.4 


123 6 


57 


1,8 


7.5 


17,1 


30,6 


48,1 


69.5 


94,8 


124,1 


58 


1.8 


7.6 


17,3 


30,9 


48,4 


^9J 


95.3 


124,6 


59 


1.9 7,7 


17,5 31,1 


>4B,8 70,3 

■ 


95,7 


125,1 



I« 



(fiitii3iVs\6 oVterfAYro^. 



9cC( 





1 

2 
3 
4 



5 
6 

7 
8 

9 



K) 



Continuation of TA^If 11 



8* 



II 



19^,7 



126,7 



9' 



II 



i«9,o 



12(^,2 159,6 






127,8 16!, 4 



a2fil,3j62,o 

12af,8Pl62,6 
a2Sl,41^,2 
IS^, 9 I'^S. 8|! 
JdO,4J^4,.4 



10' 



// 



195,8 
197,0 
\9lfi 
198,8 
198,9 






134,0 

103, I' 



l€6,(> 
166,. 8 

J67,4»: 



ISS,6 
F34, 2 
134, 7 
«'36, 3 
1 35, 8 



199,6 
200,8 
200,9 
201,6 
202,2 



11' 



II 



287,6 

238,8 

' 239,0 

' 239,7 
240,4 



12> 



// 



'W0,7 
1 283,6 

281,2 
^ 285,01 

. 285,8 



2d2,9 
203,6 
204,2 
204,9 



24H,2 
2^,9 

248,3 



■t 



168^0 
168,6 
169,2 
169,8 
17X),4 



136,4*71, Of 209I6 

211,0 

2n,6 

44 13M(i73,5|'21'2;3 



136, 917'!, 6 

137,4|l72,2i 

1-38,0,172,9 



139,1 
139,«6 
140,2 
I4to,7 
14)1,8 



206,3 
206,9 

208'3 
208J9 



rn lAm 



2ii4;8 
246,5 
246,2 
347,0 

247,7 



248^5 
249i2 

249i9 
250J7 
251,4 



l?4«, 1 

•174^7 
I75i3l 

175,9 
176, 6 



2*3,0 

2 r 3^7 
2=14^4 
215«,1 

215>,8' 



: 286,6 

1287,4 
288,£2 
289,0 
389,« 



13 



// 



331,8 

.333,4 

'334,3 

33;5,3 




290,6 

i 292,2 
1293^0 
293i8 



\ 294|6 
295i4 
296i2 
297,0 
297,8 



252;2 ■ 298»6 



252;9 
253i6 
254^4 
2d5,l 



29ft4l: 
300,2 
k 30 1,0 
I 30H8 



r 



555^9 
256;6' 

2557,4;' 
2^58,1' 



336,0 
336,9 
2iS7y7 
3^,6 
339,4 



340,;3 
341,2 
342,0 
342,9 
343,7 



: 384,7 
385,6 

.386,5 
387,5 
38d,4 



; 389,y 

390,2: 

i39i,r 

:392,t 
: 393,0 



44 h6 I 
442 j6*^ 
443S6 
444i6 
4451^ 



44^,5 

447^; 5 
44^5 
44^6 
450f4 



» 393,9 

394,8 
^5,8> 

396,7 
397,6 



344|6 
345^5 
346i3 
347,2 
348;! 



302,6 
303,5 
304,3 

,305,1. 

V 306,9 



34910 

34918 

350,7 
35i;6 
352>5 



353,3 
35'^2 
355,1 
3156,0 
366,9 



398,6 
299.5 
400,5 
409,4 
40^,3 



451;5 

463,6 
453^6 
45^5 
46 %6 



403,3 
404,^ 
406,* 
406,1 
407,0 



4S6t6 

468;o 
44^9,6 

4eo^ 



4M>*,5 

4f63,5 
4164,5 



408,6 • 
408,9 

4()9,9 

410,8 
41!],^ 



460,5 

469r5 
47«t6 



( • 



^ 1 -■ 




,tkt,o»MiP ffrii.n^ilip)f.»' 






Conlinuation of ^JffiLE *I. 


ARGt7»|;5NT, iffararj/ 4^^h »» ^TiW. 


•S«c. 


8' 


i9" 


10' 


11' 




1"3' 

• 


:U' 


il5' 


/» , 


It 


•*f 


It 


" i 


// 


It 


30 


UL,8 


177.2 


^l6A 


^59,6 


306;7 


: 357,7 


.41217 


471 15 


.31 


142,4 


177.8 


-217.1 


260,4 


307>5 


35,8,j6 


4131,6 


472^ 


-3,2 


143,^ 


178,4 


•217,'rf 


261,1 


308,4 


35S,S 


i4l456 


ATLS^S 


.33, 


143^5 


179,0 


.218,5 


261,9 


309^2 


36p,5 


>4k5g6. 


4?.4j6 


-3.4; 
S5 ' 


144,1 
144;6 


179.7 
180,3 


^219,2 


«62i6 


310,0 


36),li 


4i£s6 


Al5f/S 


:2l 9.9 


263^4 


3 10,8 


•362^ 


4f7i5 


A76}S 


.ae : 


145,2 


180,9 


-2?Q,6 


^64>l 


81^6 


363,1 


418^4 


4?7j6 


,37! 


145,8 


1,81.6 


-221,3 


• 264,9 


312>5 


.3«3,9 


.4].9ii4 


428,7 


^8 


146,3 


182,2 


.222,0 


265,7 


313,3 


. 364,6 


420,3 


Al9f7 


»9. 

t 

« 40. 


146,9 


182,8 
183,4 


2?2;,7 


266,4 


3 14^,2 


. 365,7 


.♦21,3 


4ao.7 


'223,4 


•e67,2 


31o,0 


: 366.6 


.422v2 


481,7 


.41. 


148,0 


184,1 


224,1 


sst^ 


31.5,8 


; 367.5 


#423,2 


43248 


,42 : 


148,6 


184,7 


:2«4,8 


368,7 


316,6 


368,4 


(424r,2 


483|8 


.43 1 


149,-2- 


18514 


'225,5 


269,5 


317>4 


369.3 


425 J 


484} 8 


.44 1 
-.45 . 


149;7 
150>3 


186,0 

» , 

186,6 


-2|26,? 


270^2 


318,3 


, 370,2 


. 426,1 


485i8 


. 2|B6,9 
2?7.0 


971,0 


31ftl 


. 371,1 


427,0 


486^ 


.46'.^ 


150,9 


1^7.3 


271,8 


; 31.9,9 


372,0 


:428iO 


487^9 


47. 


151,5 


187,9 


2^M 


! 972>6 


I 320.8 


. 372,9 


429.0 


^88^ 


,^48 


15^2,0 


188,5 


: 229,6 . 273,3 


321,6 


373.8 


430,0 


490^0 


-49 
.60 


152,6 
153,2 


189.2 

>• 

189.8 


•229,7 


. 274,1 


. 322,4 


37,4,7 


430<9 


491.0 


230,4 


■ 274,9 


323,3 


375,6 


.431i»9 


492.0 


;51. 


!53,8 


190,5 


231,1 


r 275.6 


. 324,1 


: 376.5 


. 432.8 


493,1 


5^2: 


154,4 


191.1 


231,8 


276^4 


; 325,0 


377,4 


V 433,8 


494,1 


53; 


154,9 


191,8 


: 292.5 


. 277,2 


325,8 


: 378,3 


.434.8 


A95.2 


54 
55 


155,5 


192,4 

m 

193,1 


233,3 


278,0 


. 326,7 


, 379.2 


'435,7 


4i96,2 


234,0 


278,9 


327,5 


: 380,2 


.143647 


A97^2 


56' 


156,7 


193,7 


234,7 


: V9,i 


.328,4 


.3S1,1 


l4S7^7 


4.98.2 


57- 


i37-,3 


194.4 


285,4 


280,3 


: 329,2 


: 3^2.0 


•438,7 


499,2 


58 


157,8 


195,0 


2<S6,1 


■981,1 


330,0 


c 382,9 


1 439,6 


500.3 


1 59. 


158,4 


195,7 


206,8 

■ 


; 281,9 


330,9 


'383,8 


^440,6 


501^4 



GEOpESTC OPEllAtlOir?. 



'^ 



TABLE II- 

For the Lqtituie 48^^ 51'. Pficlor Ffor multiplying 

the numbers of Table J • 

ARGUMENT, Dcclinatiwu. 



D 



41. 
40. 

39. 
38. 

37. 
36. 



S5. 
34. 

33. 
32. 
31. 



30. 

29. 
28. 

27. 
.6. 



25. 
24. 
23. 
22. 
21. 



20. 

19. 
IS. 

17. 
16. 



1 



15. 
14. 
13. 
12. 
il. 



F. \Dif. 



0.4969 
0.5042 
0.5118 
0.5 ! 93 
0.5269 
0.5345 



0.5422 

0.5498 

0.5575 

».5652 

0.5730 



0.5808 
0.5887 
0.5967 
0.6047 
0.6127 



0.6209 
0.6291 
0.6375 

0.6459 
0.6544 



0.6630 

0.6718 

0.6807 
).68cv7 

0.6988 



O.708I 
0.7175 
0.7272 

0.7371 
0.7470 



70 
76 
75 
76 
76 

77 

76 
77 

77 

78 
78 

79 
80 

80 

80 

82 

82 
84 
84 
85 
86 

88 

S9 
90 

91 
93 

94 
97 
99 
99 
102 



D. 



10. 

9- 

8' 
7. 

6. 
5. 



4. 

3. 
2. 
1. S 
0. 



l.N 

2- 

3. 

4. 

5. 



6. 

7. 
8. 

9. 

10. 



il. 
12; 
1?. 

14. 
15. 



16. 

17. 
isr. 

19. 

20. 



F. 



0.7572 
0.7676 
0.7783 
0.7892 
0.8004 
a81l8 



104 

107 
109 
112 
114 
118 

0.8236 
0.8356 1^20 

0.S4S0i*24 

128 

131 



Dif. 



0.8(/08 
0.8759 



135 



0.8874 
0.901 4 if ^^ 
0.9158 
O.93O8 
0.9463 



0.i>623 

0.9789 
0.9963 
1.0143 
1.0331 



1.0527 
l.<732 
1.0947 
i.1174 
1. 1411 



1.166. 

I.19^4> 
I 2205 
1.2501 
1.281^ 



144 
150 
155 
160 



166 
174 
180 
188 
196 

205 
215 
227 
237 
250 

264 
280 

W6 
314 
335 



D. 



21. 

22. 
23. 

24. 

25. 
26. 



27. 
28. 

29. 
30. 
31. 



32. 
33. 
34. 
35. 
36. 



S7. 
38. 

39* 

40. 

41. 



42. 
43. 
44. 
45. 
46. 



47. 

48. 

49. 



N 



F. 



1.3150 

1.3509 

1.3893 
1,4305 

1.4750 

1.5231 



1.5754 
1.6?24 
1.6950 
1.7036 
1.840i 

1.9252 
^.0^06 
2.1286 

2-2517 

2.3938 

2.5592 
2.7547 
2,9894. 

3^^765 
3.6361 



4.103^ 

4.7217 
5.5986 
6.9298 
9.«935 



i 3.9014 
29.90 ' 
16.49 



Dif. 



359 
384 

4! 2 

435 

48 i 

523 

570 
6>6 
688 
76.3 
851 

1080 
1231 
1421 
1654 

1955 

2347 
28; 1 
3596 

6179 
^769 



'GTiOfilBtie OPni ATIOHII* 



f 



Continuatipn of TABLE Ih 
ARGUMENT, Declmofion. 



D. 



50. N 

51. 

52. 

53. 

54. 

55. 



56. 

58. 
59. 

6o. 



01. 
02. 
63. 
64. 
65. 



66. 
67. 
6S. 
69. 
70. 






71. 

72. 

73. 

74. 

75. 



76. 
77. 
78. 

79- 
80. 



■T— r 



F. 



21. 75 
1 1 .0*3$ 

7.373 
5.472 

4.309 
3.523 



'2.5)563 
.\52«1 

2.1929 
1.9232 
I.70U 



!.5I5^ 
1.3580 
I 2220 
1 1037 
0.9998 



•9076 
0.8234 
0.7514 
0.6846 
0.6238 



0.5686 
0.5172 
0.4702 
0.4268 
0.3864 



0.3489 
0.3138 

0.2809 
0.2500 

0.2209 



Dif, 



D. 



922 
822 
740 

66h 
6O8 
552 



514 
470 
434 
404 
375 



351 
329 
309 
291 



80. K 

81. 

82. . 

S3. 

84. 

^6. 



86. 

87. 
88. 

89. 
90. 



89. 
88. 

87. 
86. 
85. 



84. 
9^3. 
82. 
81. 
80. 



79. 

7^^ 
77. 
76. 
75. 



74. 
73. 
72. 
7K 
70. 



F. 



0.2209 
0.1935 
0.1675 
0. 1 429 
0.1195 
0.0972 



OV760 
0558 
00364 
0-0 1 7« 
0.0060 



0.0171 
0336 
0.0494 
O.C647 
0.0795 



0.0938 

0.1077 
0.1211 

0.1341 

0.1467 



0.1590 
0.1710 
0.1.S26 
0.1940 
0.2051 



0.2159 
0,2264 
0.2368 
0.2470 
0.2569 



I>if. 



274 

260 
246 
234 
223 



212 
202 
194 
186 
178 

171 
165 

158 
153 
148 

143 

139 
134 

330 
126 

126 
120 
il6 
114 
111 

108 
105 
104 
102 
99 



D. 



F. 



70. N 

69. 
68. 

67. 
66. 
65. 



64. 
63. 
62. 
61. 
60. 



^9. 

58.. 

57. 
56. 
55. 



54. 
53. 
52. 
51. 
50. 



49. 

48. 

17. 
46. 
45. 



44. 
43. 
42. 



0.2569 
0.2667 
02763 
0*2857 
02949 
3040 



0.3130 
0.3219 
0.3306 
0.3392 
0.3477 



a.356l 
0.3644 
0.3726 
0.3807 
0.3887 



0.3967 
0.4046 
0.4125 
0.4203 
0.428 1 



4358 
0.4435 
04511 

4587 
0.466*4 



Dif. 



0.4740 
0.4815 
0.4S9i 



98 
96 
94 
.92 

90 

89 
87 
86 
85 
84 

83 
82 
81 
80 
80 

79 
79 
78 
78 
77 

77 
76 

76 

77 
76 

75 
76 



I ^^ 



III, GENERitL TABLE. Second Term. 



ARGUM ENT^ Horory Angle. 



:«± 



( 

\ 
1 

1 • 



'AT.S. ' 



X). 
1. 
2. 
3. 
^4. 
5. 



^6. 



*7. 



p 

6 









110 

20 

SO 

i40 

'50 





lO 
20 
30 
40 
50 




8. 



110 

;20 

.30 

40 

., 



s. 



aooo 

O.O00 

aooo 
aooi 

0.002 
.006 



OJ007 
0.008 
0.009 

o.aio 
oon 

0.012 



0.013 
0.0]4 
0.016 
0018 
0.020 
0.022 



0.024 
0.026 
0.025) 
0.032 
0.035 
0.038 



Dif, 



I 



•M-.?. 



8. 



9. 



10 

!20 
ISO 

i40 





10 
.20 
'SO 
(40 

50 
10. 



II. 



10 
.20 

30 

<40 

.50 

O 



10 
L20 
;80 
'40 
. 50 
12. ;0 



'^. \Dif. 



0.041 
O.045 

0.049 
0053 

Ov057 
,0d06l 



O.066 

071 
0.076 
0.081 

O.087 
0.093 



.0.100 

Ovl07 
O.IU 
0.121 
0.129 

0,137 



ai45 
0.1541 
0.163 
0.173 
a.183 
0.194 



'4 
4 
4 

-4 
A 



5' 

'51 

6^ 
61 

7." 

8* 

n| 



i 



M.S. 



■^••1 



12. 10 
«0 

;30 

t40 

;50 

13. 



ilO 

;20 

.30 
piO 

:50 
(4. 



. 10 

20 

•30 

;4o 

.50 
15. O 



.10 
.20 

:30 

<4 40 
50 

16. 



-s. 



pi/. 



■^v 



0.!305 
0.217 
0.^29 
0.241 

0.244 
0-267 



0,281 

asio 

Oa2£) 
342 
QS59 



■•^ 



0.376 
OvS94 
X).413 
0*432 
a452 
0.473 



0.4p4 
0.516 

0.539 
0.563 

0.587 
0.612 



r2 
15 
12 

13 

13J 

14 

14 
15 
16 
I« 
•17 
17 

IS 

19 
19 

20 

21 

«2 
23 
24 
24 
25 



' This second term 
additive ofily in: the 



is always .additive, bnt the .first teirm is 
infartur passagefrbf the (^rcoinpolar 4tan 



^^^T 



WP 



«■« 



i»«icr»«fltr' (dfvtLJtttVfi^t 



TABLE IV. 

Factors for multiplying the numbers in Table III. 




30.- 

2^. 



35. 
98. 



90. 

17. 



IS. 

u. 

13. 
12. 
11. 



04001 
OiOO^ 
OifllO 
0*015 
0.080 

ao8() 



0.082 
0.038 
0.044 
0.051 
0.059 



0.057 
0.075 
0.083 
0.092 
0.102 



0.1 ] 2 
0^122 
0.'33 
0.145 

Oil 57 



0.170 
0*184 
0^198 

0.229 



>■ 



6.2^ 
0.^'4 
2.83 
0.303 
0.524 




S. 



/. 



Oi347 
043FO 

0.396 
a423 
0.4dl 
0.4«2 



0.5i4 

0*5*9 
0.586 
a6s36 
0.667 



0*7 i 3 
0,762 
0.8J4 

0.871 
0.932 



0.999 
1.070 

1.1 4b 
1.233 
1-325 



U4e6 
1.5B7 
U669 
lv793 
1.9*2 



4 



2;.i06 

2.269 
2.4^)4 

UJr2S 



w 



^23 
26 

27 
2B 
SI 

32 

* 

35 

37 

S9 

46 

49 

52 

57 
61 

^67 

71 
78 

92' 
101 

111 

122 

134 

149 
164 

^ 

183 
205 
229' 
251 



IX. 



20. 

3. 

!4. 
!5. 



j6. 
57. 

J9. 
;o. 



n. 

J2. 

^3. 

J4. 
J5. 



36. 

57. 

58. 

39. 
1.0. 



1^1. 
t2. 
*3. 
U. 
45. 



46. 
40. 

46. 



■*« 



N. 



rtM..< 



/ w 



2.97^ 
3*278 
3.605 
3.984 

4(«1^ 
4.923 



C 5t505 

:' 6jias 
y6i&9^ 

» 9i;li2 

10.515 

»li2.237 

'L4i381 

)1?.08« 

20i566 



,299 
332 

379 
434' 

503 

584 



S5j120 
31.216 
^a.591 
6 1.468 
(68.949 



$5^90 

]4i0.i9 
^Ii7.60 

369*40 
713.59 



i697i.% 
5983.0 



i 
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dPBRAftoirif** 






^m 


t 

Contihudtion of TABLE 17. 


• 








AKQVM%»T, DttMsmtiimj 






D. 


/• 


Dif\ D. 


/• 


W- 


D. 


. /. 


Z>i/. 


iSO. N. 


• ■« • • • • 




80. N. 


080 


20. 

17 
13 
10 

7 
5 

4 

2. 



70. N. 


0.036 


2 
• 1 


51. 


394.6 




81. 


0.060 


69. 


0.038 


52. 


987.7 




82. 


0.043 


68. 


0.039 


I 


53. 


412.7 




83. 


0.030 


67. 


0.040 




1 




54. 


206\0 




84. 


020 


66. 


0^040 


55. 


115.2 




85. 


0.013 


65. 


0.041 


56. 


69.67 


S6.. 


0.008 


64. 


041 


A 


57. 


44.63 




S7. 


0.004 


63. 


0.041 


1 


58. 


29.86 




88. 


0.002 


62. 


0.042 





59. 


20.66 




89. 


0.000 


61. 


0.042 


1 


60: 


15.03 




90. 






60. 


0.041 





61. 


10.67 


89. 


inferior 


59. 


0.041 


1 


62. 


7.89 




88. 


Pascag. 


2 
2 
2 
2 

2 
3 

'2 

.2 
3 

2 
2 
2 
2 
2 

2- 


5S. 


0.040 


1 


6S. 


5.9^ 


• 


«7. 


0.002 


57. 


0.039 


1 


64. 


4.30 




86. ^ 


0.004 


56. 


0.038 


1 


65. 


3.45 


88 

59 
45 
35 

27 
21 

17 
14 
10 

9 
6 


85. 


0.006 


55. 


0.037 


1 


66. 


2.67 


84. 


0.008 


54. 


0.036 


2 


67. 


2. OS 


83. 


0.010 


53. 


0.034 


<•> 
] 


68. 
69. 


1.63 
1.28 


82. 
81. 


0.013 
0.015 


52. 
51. 


0.03S 
0.031 


2 


70. 


i.Ol 


80. 


0.017 


50. 


0.029 . 


3 


71. 


0.80 


79^ 


0.020 


49. 


0,056 


9 


72. 


0.63 


78. 


0.022 


48. 


024 


3 


73. 


0.49 


77.' 


0.024 


47. 


0.021 


s 


74. 


0.39 


76. . 


0,026 


46. 


0.018 


3 


75. 


0.30 


75. , 


0.028 


45. 


0.015 


4 


76. 


0.24 


74, 


0.030 


44. 


0.011 


3 


77. 


0.18 


6 

• 


7^. 


0.032 


2 


43. 


0.008 


4 


78. 


0. 14 


4 


72. 


0.034 


1 


42. 


0.004 




79. 


0.10 


4 


71. 


0.035 


1 








80. 


ao8 


2 


70. 


0.036 


X 




( 


1 
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TABLE V. LalUude.A9? 51'. 

H&rary Angle when the Reduction varies one second of- a 

degree Jor each second of Time/ 



D. 


Horar) 
Angle. 


Bif. 


D. 


Horar} 
Angle. 


> 


D. 


Horary 
Angle. 


Di/. 


41. S. 


' 30',S 


' 5 


10. S. 


20',S 


> 
2 


20. N, 


1 !',< 


o„ 


AO. 


30,4 


4 

4 

-4 

. 4 

. 4' 
. 4, 
. 4: 

-3 

4 
3 

4 

3, 

- 4 


9. 


19, S 


i 
3 
3 
3. 



«« 

2 

3 

. 3 

3 
2 

3 
2 
3 
2 

. 4 


*1. 


H.7 


4 

3' 

3 

4 

3 

. 3 
3 
3 
4 
4 

4 

4 

. 3 


sg. 


^9.9 


8. 


19,7 


22. ; 


Il,i 


38. 


29,5 


7. 


19i4 


^. ' ■ 


11, c 


37. 


.29,1 


6. 


19,1 


?4. 


10.7 


36. 


28,7 


5. 


18,8 


25. 


10.2 


S5. 


28,3 


4. * 


18,6 


26. 


10,1 


34. 


27,9 


3. 


18,4 


27. 


9.7 


33. 


.27,5 


2. : 


18,1 


28. 


9.4 


3S. 


27,1 


1. ,S. 


17,8 


29- 


9.1 


31. 


26,7 


0. 


17,5 


30. 

- • 


8.7 


30. 

29. 


26,4 
26,0 


1. 'N. 
2. 


17,3 
17,0 


31. • 

32. 


8,3 
7,9 


28., 


25,7 


3. 


16,8 


33. 


7,6 


27. 


• 25.3 


4. 


16,5 


34. 


7,2 


26. 


25,0 


5. 


16,3 


35. . 


6,8 


. 4 
- 4^ 


25. 


24,6 


. 3 
.3. 
. 3 

. 3^ 
. 3 


6. 


15,9 


• 

2 
3 
3 
3 
3 


3ft 


6.4 


. 4 

.- 5 : 


24. 


^ 24, 3 


7. 


15,7 


37. ! 


6.0 


23. 


' 24, 


S. 


15.4 


38. ' 


5,5 


22. 


23,7 


9. 


15,1 


39. 


5,1 


4 . 

ii i 


21. 


^ 23,4 


10. 


14,8 


40. 


4,7 


4 * 
5; 


20. 


23,1 


3 

. 3 

3 

3 

- 3 

.2 
3 

• 

3, 


H; ^ 


14, 5 


2 
3 
2 


41. 


• 4,2 


5 
5 
5 


19. 
18. 


22,8 
22,5 


12. 
13. 


14,3 
14,0 


42. '. 
43. 


3,7 
3,2 


17. 


2^,2 


14. 


13,7 


44, 


2.7 


16. 


21,9 


15. 


li,3 


. 4 
2 

2 
3 

4 
3 


45. 


2,2 


. 5 
5 

6 
5 

5 


15. 
14. 


21,6 
21,4 


16. 
17- 


13,1 
12,9 


46. 

47. ' 


i.7 


13. 


21,1 


18. 


12,6 


48. 


0,5 


12. 


20,9 


19. 


12,2 


4&. 


0,0 


11. 


20,6 


20. 


M,9 


50. 

1 


t 








HMBM 






_^^ 


» - " ' 


»- , 





S: {> 



. m 
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Cowiinuation of TABLE V. 

Hwrary 4ngk u>1mn ths RiAtetion varies one iee<md of « 
degru far each^meamd of Time. 



D. 



50. N. 

51. 

52; 

53. 

54. 

55. 



orary 
Angle; 



Dif 



l',4 
4,3 



>*.•■•■ 



56. 

57. 
58. 

59. 
6o. 



61. 
62. 
63. 
<4. 
65. 



66. 

€7. 

68. 

69. 



>» I , 



71. 
72. 
73. 
74. 
75, 



••■ 



■•-*■ 



76. 

?7. 

78. 

7.9. 
80. 



5 2 
6>1 

7.0 

7»9 
9,0 



10,1 
11,3 
12,5 

13,9 
15,3 



i6.9 
18,5 
20,3 
22,3 
24>5 



'• II I 



26,9 
\29,7 
32,6 
35,6 
38,7 

44,1 

49,1 

54,9 

61^9 
70,. 2 



7 

7. 

7 

8 

9 

9 
9 
9 

11 

11 

12 
12 
14 
14 
16 

16 
18 
20 
22 
24 

28 

«9 
SO 
31 
34 

50 
58 
70 
83 



D. 



80. N. 

81. 

82. 

83. 

84. 

85. 



86. 

87. 
88. 

89. 
90. 



89. 
88. 

87. 
86. 
85. 



84. 
83. 
82. 
81. 
80. 



•^•m 



I 



79' 
78. 

77. 
76. 
75. 

74. 
73. 
72. 
71. 
70. 



Horary 

Anfle. 



70',2 

80.6 

'93.8 

1U,3 

135,7 
160,9 



i*9,i 



Dif. 



inferior 
PassOge 



181,1 
153,1 

133,7 
119,3 
108,1 



99.2 
91,8 

83,7 
80,4 

75,9 

7U9 

65,4 
6$, 7 
60,2 



D. 



7*4 
61 
53 
45 
40 

34 
31 

«r 

d5 



70. N. 

69. 
68. 

67. 
66. 
6S. 



64. 
63. 
62. 
61. 
60. 



59. 
58; 
57. 
56. 
55. 



•ta 



54. 
53. 

52. 
51. 
50. 



49. 
48. 

47. 
46. 
45. 

44. 
43. 

42. 



Homry j^^f^ 
Angle. 



60',2 
57,9 
55,9 
54,1 
52,3 
50,7 



49,2 
47,9 
46,5 
45,3 
44^2 



43,2 
42,2 
41,2 
40,3 
39,5 



38,7 

37,9 
37,2 
36,5 

35,9 



35,2 
34,6 
34.0 
33,5 
32,9 

32,3 
31,8 
31»3 



23 
20 
18 
18 
16 
15 

13 
14 
12 
11 
10 

10 
10 

9 

8 
8 

8 
7 
7 
6 

7 

€ 
6 
5 
6 
6 

5 
S 



GBODBSXC 0PBBATI0N8. 
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BXAMPLB. 


Horary Angles. 


Tab. I. 


Table HI. 


15' 57" 


499"2 


o"6o Z 


U. ^S 


406>1 


0,40 


12. 59 


\ 330,9 


0.27 


11. 92 


261,1 


0,16 


5....10. 1 


197,0 


0,09 For 


8. 94 


144,1 


0,05 For 


7- 8 


99,9 


0,02 


6. 10 


74^7 


0,01 


S* 15 


54fl 


0,01 


10.... 3. 52 


29,4 


0,00 


3. 23 


lUi 


0,00 


2. 4 


8,4 


0,00 


3. 40 


26,4 


0,00 


5. 1 


49,4 


0,01 • 


15.,.. 6. 39 


86,8 


0,02 


7. 58 


124,6 


0,04 


^. 27 


175,3 


0,07 


11. 3 


239,7 


0,14 


12. 7 


289,2 


0,21 


20,.^..13. 1 


332,6 


0,27 


14- 27 


409,9 


. 0,41 


15. 94 


475,6 


0,55 . 



Sums Ip 4,^.5+3,^3 
Log. 4924.5^ 9.63594 
CompT. 1. 22 S.6575a 
Log.F3:0,5544 9.74352 



^ 108"9» 



2.03734 



D=33* 24' S 
s^:33^4 
TaUe If. 
For 39* S, Fss 0.5575 
4' —31 



F=: 0.5544 
Table IV. 

^=0,043 



Log. 9.93 0.522i 

• . ^£576 

Log. /scO.Oi3 8.6335 



+0"0065 7.8135 
- 108.98 



Eeductioii-: ~ 108,97=s— l'48",9r 
Tbe iigQ 4. of the first (erm let^es only for circumpolar 
9tari ia Ibeiii ininior pasfl^M 



i 



TABLES 

OF THE MEAN REFRACTIONS, 

AND OF 

THEIR CORRECTIONS 
JFhr the True Zenith Distances. 



TABLE VI. 

Of the Mean RefraetUnu for the T^ue Zenith Distance*. 


Di»t.T. 


Refrac. 


Dif. 


Dist.T. 


Refrac. 


Dif. 


Dlst. T. 

1 


Refrac. 


/>«/• 






1 

2 
3 

4 
5 


0.0 
1.0 
2.0 
3.0 
4.0 
5.0 


II 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.0 
1.0 
1.0 
1.0 

1.0 

i;o 
1.1 

1.0 

1-1 

1.0 

1.1 
1.1 
1.1 
1.1 

'i.i 

1.2 

1.1 

1.2 
1.2 




25 
26 
27 
28 
29 
30 


26.4 
27.6 
28.9 
30.1 
31.4 
32.7 


II 

1.2 
1.3 
1.2 
1.3 
1.3 

1.3 

1.4 
1.4 
1.4 
1.5 

1.5 

1.5 
1.6 
1.6 
i.6 

1.7 

1.8 
1.8 
1.9 
1.9 

2.0 

2.1 
2.1 
2.3 
2.3 




50 
51 
52 
53 
54 
b5 


1 7.4 
1 9.8 
1 12.4 
1 15.0 
1 17.8 
1 20.7 


II 

2.4 
2.6 
2.6 
2.8 
2.9 

3.1 

3.2 
3.4 
3.6 
3.8 

4.0 

4.3 

4.6 
4.9 
5.2 

5.7 

6.1 

.«.5 

7.3 

7.9 

8.7 

9.5 
10.6 
11.9 
13.2 


6 

7 

8 

9 

10 


6.0 
7.0 
8.0 
9.0 
10.0 


31 
32 
33 
34 
35 


34.0 
35.4 
36.8 
38.2 
39.7 


56 
57 
58 
59 
60 


1 23.8 
1 27.0 
1 30.4 
1 34.0 
1 37.8 


11 

12 
13 
14 
15 


11.0 
12.0 
13.1 
14.1 
15.2 


■ • • « 

36 
37 
38 
39 
40 


41.2 
42.7 
44.3 
45.9 
47.5 


61 
62 
63 
64 
65 


1 41.8 
1 46.1 
1 50.7 

1 55.6 

2 0.8 


16 
17 
18 
19 
20 


16.2 
17.3 
18.4 
19.5 
20.6 


41 

42 
43 
44 
45 


49.2 
51.0 
52.8 
64.7 
56.6 


66 
67 
68 
69 

70 


2 6.5 
2 12.6 
2 19.1 
. 2 2«w4 
2 34.3 


21 
22 
23 
24 
25 


21.7 
22.9 
24.0 
25-2 
26.4 


46 
47 
48 
49 
50 


58.6 
1 0.7 
1 2.8 
1 5.1 
1 7.4 


71 
72 
73 
74 
75 


2 43.0 

2 52.5 

3 3.1 
3 15.0 
3 28.2 



' 
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Continuation of TABLE VI. 
0/ the Mean Refractions far the True Zenith Distances. 






Dist. T. 



76 
76 
77 
78 
79 
80 



10 
20 
30 
40 
50 
81 



10 
20 
30 
40 
50 
82 



10 

20 
30 
40 
50 
83 



f 



10 
20 
30 
40 
60 
84 



Refnc. 



/i 



3 
3 
4 
4 
4 
6 



5 
6 
6 
6 
6 



7 
7 
7 
7 
8 
8 



28.2 
43.3 
0.5 
20.3 
43.3 
10.4 



6 16.6 
6 20.7 
6 26.0 
6 31.6 
6 37.2 
5 43.1 



40.1 
66.4 
1.9 
8.6 
16.6 
22.7 



6 30.1 

6 37.8 

6 46.8 

6 64.1 

7 2.7 
7 11.7 



21.0 
30.7 
40.8 
61.3 
2.3 
13^ 



Dif 



it 

16.1 
17.2 
19.8 
23.0 
27.1 

5.1 

5.2 
6.3 
5.5 
6.7 
5.9 

6.0 

6.3 
6.5 
6.7 
6.9 
7.2 

7.4 

7.7 
8.0 
8.3 
8.6 
9.0 

9.3 

9.7 
10.1 
10.6 
11.0 
11.6 



I 



Dist. T. 



/ 

84 
10 
20 
30 
40 
60 



86 
10 
20 
30 
40 
60 



86 
10 
20 
30 
40 
60 



87 
10 
20 
30 
40 
50 



Refrac. 



/ // 



8 
8 
8 
8 
9 
9 



13.8 
25.7 
38.2 
51.2 
4.9 
19.2 



9 
9 
10 
10 
10 
11 



34.1 

49.8 

6.3 

23.6 

41.8 

1.0 



11 
11 
12 
12 
12 
13 



21.2 
42.2 
4.7 
28.3 
63.2 
19.4 



13 
14 
14 
16 
16 
16 



47.3 
16.7 
47.7 
20.6 
65.4 
32.7 



88 017 11.2 
1017 62.(3 
2018 36,2 
3019 22.0 
4020 11.1 
60 21 2.8 

89 021 67.3 



Dif. Dist. T. 



/I 

11.9 
12.5 

13.0 
13.7 
14.3 

14.9 

15.7 
16.6 
17.3 
18.2 
19.2 

20.2 

21.0 
22.6 
23.6 
24.9 
26.2 

27.9 

29.4 
31.0 
32.9 
34.8 
37.3 

38.6 

41.3 
43.6 
46.8 
49.1 
51.7 
64.6 



o . / 



89 




10 
20 
30 
40 
50 



90 




10 
20 
30 
40 
SO 



Refrac. 



/ tt 



21 

22 

23 

24 

26, 

27 



57.3 
54.7 
55.3 
58.9 
6.8 
15.9 



28 
29 
31 
32 
33 
35 



Dif 



91 36 



29.4 
46.2 
6.1 
29.3 
55.8 
25.4 
68.2 



tt 

157.4 
60.6 
63.6 
66.9 
70.1 

73.5 

76.8 
79.9 
83.2 
86.5 
89.6 
92.8 






aB^PStlC OVPEATIOVS. 



TABLE VII. 



CcrrectumM far Refracii§n» 



Baromater. 



39.8 

294r 
^9.6 
29.5 
29 A 

29^ 
29*2 

29.1 
99.0 

28.9 

28.7 
28.6 
28.5 
28.4 
28.3 
2«.2 
28.1 
28.0 

27.9 
27.8 

27.7 
27.6 
27.5 
27.4 
27.3 
27.2 

27.1 
27.0 



ID. dec. 
29-85 

29.9 
30.0 

30.1 

30.2 
30.3 
30.4 
3a5 
30.6 

3a7 

30.8 



■ 



Fabrenlieit's 

J iWflllOIIMStCf* 



QBS 



D€g 



0.0000 

0.0017 

0.0050 
0083 



? 



0.0116 

0.0149 

0.0182 

0.0215 

0.0248 

0.0281 

0.03U 



30.9 0.0357 

31.0 0.0389 

31.1 0.04.2S 

31.2 0.0455 
31.!; 0.048$ 

31.4 0.052] 

31.5 0.0554 

31.6 0.0587 

31.7 I0.O62O 
3K8 

31.9 
32.0 
32.1 
32.2 
32.3 
32.4 
32.5 
32.6 
32.7 



0.0653 
O.068J 
0.0719 
0.0753 
O.O7SJ 
0.0821 
0.0851 
0.0889 
0.0923 
0.095f 



86 
$5 
84 
85 
82 
81 
80 

79 
78 

77 
76 

75 
74 
73 
72 

71 
70 

69 
6S 

67 
66 
55 
64 
63 
62 
61 
60 

59 

58 

37 
5« 

55 



w 



SSmnT*^:^: 



USi; OF 
THIS TABIfi. 



l--0,0992 

0.096Z II 

0.0942 II 

0.0892 l^ 

0.0866 1% 

0.0840 1% 

0.0814 l^ 

0.0788 "^O 

0.0762 
0.0736 
0.0710 
0.0684 

0,0657 
0.0630 
0.0603 
0.0576 
0.0549 
0.0521 
00493 
0.0465 
0.04)37 
0,0k4^ 

0,0381 
0.0353 

o.a$25 

0.0296 
0.0267 
0,0238 
0,0209 
0,0180 

0,0] 50 



I Vntk the htighit ol 
the Barometer, enlei 
tiie firit part «f tiie Ta 
bIe,ao4talcc a noibei 
«:, to wbick tlit sigs-^ 
is to be prefixed if tbe 
height oftlie Barometei 
be IcAthao S9.ft5 inches, 
but the«iga-f if it b 
gveater thao th«t miiD- 
b<;r. 



26 
2.6 
^6 
26 

27 

27 

27 

27 

27 

28 

28 

28 

28 

28 

28 

28. 

28 

^9 
29 
29 
29 
29 
30 



'With the height of 
tbe mcnarj In Fsh- 
renhcit'^ therauimeter, 
telLe a aundber y» in the 
second part, with tbe 
sign which precedes it. 



Tbeftnction of (jr^-i 

+^jp)wUlbetiMfacto^ 
by which t^ ncsn .. 
fjnictton moit ha mnlti. 
plied) Hi order to ol 
tain tbe correi^i 
ivhicb it i» Beensavy t< 
apply to that lefrac- 
tion. 



The prodkiGt of^ar^ 
may. tyeqaently be neg^ 



GEODESIC OPERATIONS. 




ConUnuiUionofTAALE VIU 



Correetiom fir Refraction. 



Fabr^nheh? 



3sek=t«x 



Dcg. 



Tbennometer. 

I 

y 



54 
53 
5i 
61 

49 

48 

47 
46 

45 
44 

4d 

42 
41 
40 

39 
38 

37 

S6 

35 
34 
35 

35e 

31 

30 

I 



—0.0120 
0.0090 
0.0060 

ox)ei3b 

0.0000 
+ 0.0030 

o.oeei 
0.0092 

0.0123 

0.0155 

0.01 87 
0.0215 

0.0251 
a0283 
OX)315 
0.0347 
0.0380 
0.0413 
0.0446 
0.0480 
0.0514 
0.0548 
0.0583 
0.0616 
0.0650 



MMMMM 



Dif. 



30 
30 
30 
30 
SO 
30 
31 
31 
31 
32 
32 
32 
32 
32 
32 
32 
33 
33 
33 
34 
34 
94 
34 
34 
34 



ahreuheit 3 
ThertDomeCtr. 



Dcg. 



29 
28 

27 
^6 
25 
24 
23 
22 
21' 
»0 

19 

IS 

17 
16 
15 
14 
13 
IS 

II 

10 

9 

8 

7 
6 



+ 



0.0685 
0.0720 
0.0755 

0.0791 
a0S27 
0.0863 

0.0899 
0.0935 

O.Q972 
0.1009 
0.1046 
0.1083 
0.1121 
0*1159 
0.1197 
0.1236 
0.1275 
0;1314 
0.1353 
0.1392 
0.1432 
0.1472 
0.1512 
0.1553 
P>l5p4 



Dif. 



35 
35 
55 
36 
36 
56 
36 
36 
^7 
37 
37 
37 
38 
3S 
38 

39 
39 
39 

39 
40 

40 

40 

40 

41 

41 



USE OP 
THIS TABLE. 

lected ; t^Qt it is neces- 
sary to pay attention to 
tbe algebraic sigAs of 
jr and y in obtaiBuig iC. 



Mife 



PORTABLE 

BAROMETRICAL CABLES, 

i GIVING 

The DifferemcM of Level by a simpk 

subtraction. 



, N; B. The number .76 of a metre, which the French as« 
Aime for the mean pressure at the levej of the sea, wien 
expressed in decimals of an English yard, is .831136; but 
the first column of the Table only admitting 6f three figures, 
or thousandth parts, the last three figures of this number, 
iiz. 136, have necessarily been left out io its calculation; 
]>ence the numbers in each column below .831 are all 
(po little, and those above that number too great by a 
constant quantity, which is equal to the number in that 
column corresponding to ,830 or .832, multiplyed by .IS 
Thus, for example ; in the column answering to 48*, ther^ 
Quired correction is 11.12 x .136= 1.50824, which added 
to the number calculated from the Table, when the heiglt 
•f the barometer at the lower station does not exceed .8SI, 
will give the true difference of level sought. When this 
height of the barometer is greater than .831, the errors de- 
stroy each other, and the calculated heights do mrt reqniic 
any correction* 

The above calcuhition for the correction, however, mij 
l?e avoided; for it wiUbe sufficient to add 1.5 to all the 
calculated numbers that require correction, since the two 
extremes of this correction are 10.75 x. 136= 1.462, a»^ 
11.38 X .136=1.54768; half the sum of which is 1.50481. 
But as the first decimal will always be sufficient, the addi- 
tion of 1.5 maybe made mentally and without any trouble. 

"• ' ' Translator. 



FOflTABtiB BAROMETRICAL TABLBf. 



2. 

«5* 



S5 



■5 



Sum of the Temperature$ of the Air above the freezing Point at 
the two extremities of the Cohrnin) or the value of ST-f-f in 
' degrees of FahrenheiVs Thermometer, 



20P 



^ 



yds. 
833 
834 
833' 

S3^ 

831 

830 

829 

828* 

827 

82i 

825 

884 

823l 



18 
17 

5 



832 97.24 



S2I 

fcfO 
8i9 

«|8 



yds: 
42.8H 
32.18 
SI. 48 
10.74 


10.76 
SI. 52 
32.28 
43y09 
53.89 
«.7I 
75..54 
^6.3b 



2l« 



108.11 
11 .99 
129.89 
140.80 
SiJ 151.72 



815 

8]^ 



173.61 

4.57 

195.46 



»^IS 206.54 
217.56 
%2«l.59 
239.68 
^50.64 
1.70 

rs.77 

i3.Sl 
(;94.95 
1.07 
n7.l9 
»2b.34 
»39,49 
7991350.66 
79^361.84 
797 773.04 
796 384. V5 
795 395.46 
794 406.1S 
793 417.96 

1792 429.84 
791 440.50 
79<J 451.8 
J_ 




'yds, 

42.93 
32.82 
8«.5t 
10.75 


10.76 
21.54 
S<>..'i2 
43.13 
t3.95 
6J.78 
75.62 

8647 
97.35 
108.83 
119.12 
130.03 
140.95 
151.88 
162.84 
173.80 
184.77 
195.67 
806.76 
817.80 
228.^4 
239.-88 
850.91 
861.94 
873.07 
8HS.5^ 
895.27 
306.40 
317.53 
328.69 
^^39.^6 
351.04 
362.84 
373.45 
384.67 
395.89 
407.16 
418.41 
429.71 
440.98 
468.89 



22P 



SS* 



yds. 
42.97 
32,85 
81.53 
10.76 


10.78 
«1.57 
32.35 
43.18 
54.01 
64.85 
75.70 
86.57 
97.45 
108.34 
I19.f5 
130.17 
141.11 
152.05 
163.01 
173.99 
184.97 
195.88 
806.99 
818.04 
289.09 
240.14 
251.18 
868.87 
873.36 
8b3.<i8 
295.59 
306.74 
317.88 
3^9.05 
340.23 
351.42 
362.63 
373.a> 
3d5.09 
396.38 
407.60 
418.87 
430.17 
441.46 
462.78 



yds. 
43.02 
32.89 
21.55 
10.77 


10.79 
21.59 
38.39 
43.23 
54.07 
64.9<: 
75,78 
86.66 
97.56 
108.46 
1 19.38 
130.31 
141.28 
152.21 
163.19 
174,17 
185.17 
196.10 
807.81 
818.88 
889.33 
840.40 
251.46 
862.55 
^3.66 
884.13 
^95.91 
307.07 
3I».82 
329.41 
340.60 
351.80 
363.02 
374.26 
3U5.50 
396.75 
400.04 
419.32 
430.64 
441.93 
453.87 



84° 



yds. 
43.07 
32.32 
81.68 
10.79 


10.80 
21.61 
32.42 
43^87 
54.13 
64.99 
75.87 
86.76 
97.66 
108.55 
119.51 
130.45 
141.41 
152.38 
163 37 
174.36 
185.37 
196.31 
207.44 
818.51 
829.58 
840.66 
851.73 
268.M 
873.95 
884.44 
296.83 
307.40 
318.57 
389.76 
340.97 
058.18 
363.48 
374.66 
385.98 
397.18 
408.48 
419.78 
431.10 
448.41 
463.76 



85P 



2tf» 



yds. 
43.18 
38.36 
81.60 
10.80 


10.81 
81.64 
38.46 
43.38 
54.19 
65.06 
75.94 
86.85 
97.77 
108.6SI 
119.63 
130.59 
141.56 
152.55 
163.54 
174.55 
186.57 
196.58 
207.66 
818.75 
289.83 
840.98 
258.00 



yds. 
43.16 
38.39 
81.68 
10.81 


10.88 

81.66 

38.49 

43,37 

64.85 

65.13 

76.03 

86.94 

97.88 

108.81 

119.76 

130.74 

141.78 

158;7 1 

163.78 

174.74 

185.77 

196.73 

807.88 

818.98 

830.08 

841.18 

858.87 



S7» 



263.18 863.40 



274.85 

284.74 
296.55 
307.74 
318.92 
330.12 
341.33 
358.66 
363.81 
376.07 
386.34 
397.60 
408.98 
480.23 
431.57 
448.89 
464.85 



874.55 
886.05 
896.88 
308.07 
319.86 
330.48 
341.70 
358.95 
364.80 
375.47 
386.76 
398.03 
409.97 
480.68 
438.04 
445.37 
454.75 



yds, 
43.81 
38.43 
81.65 
10.88 

J 0.84 
81.68 
38.63 
43.42 
54.30 
65.80 
76.11 
87.05 
97.98 

108.93 

119.89 

130.88 

141.87 

158.86 

163.90 

174,93 

1^.97 

196.94 

808.12 

819.88 

830.33 

241.44 

858.54 

863.69 

874.84 

885.36 

297.80 

308.40 

319.61 

330.84 

348.07 

353.33 

964.6<i 

375.88 

387.17 

398.46 

409.81 

421.14 

432.05 

443.85 

456.24 



28S» 



yds. 
43.86 
32.46 
81.67 
10.83 



10.86 
8K70 
32.66 
43.46 
54.36 
64.87 
76.19 
87.14 
98.10 
109.05 
180.08 
131.18 
148.08 
153.04 
164.08 
175.18 
186.17 
197.17 
808.33 
819.46 
830.57 
841.70 
858.98 
263.97 
875.13 
285.67 
897.51 
308.73 
319.95 
331.19 
348.44 
353.71 
364.99 
376.88 
387.69 
398.89 
410.85 
481.59 
438.97 
444.38 
455.73 



29* 



^yds. 
43.30 
38.50 
81.69 
10.84 


10.86 
81.73 
38.60 
43*51 

64.34 
76.88 
87.84 
98.80 
109.16 
180.15 
131.16 
148.18 
153.81 
164.85 
175.30 
186.37 
197.37 
80>'.56 
219.69 
830.88 
841.96 
853.19 
864.86 
875.43 
885.97 
897.84 
309.07 
380.29 
331.55 
348.81 
354.09 
365.37 
376.69 
388.01 
399.38 
410.69 
488,05 
433.43 
444.80 
456.88 



300 

yds. 
43.34 
32.53 
81.71 
10.89 


10.87 

91.76 

38.63 

43.56 

94.48 

65.41 

76.36 

87.33 

98.31 

109.28 

1!^.28 

191-30 

148.33 

153.37 

164.43 

176.49 

J 86.57 

197.58 

808.78 

219,93 

831.07 

848.82 

253.46 
264.54 
875.73 
886.88 
898.15 
309.40 
380.64 
331.91 
343.18 
^4A1 
•^65.77 
377.09 
388.43 
399.75 
411.13 
488.50 
433.90 
446.88 
456.71 



9 






yds. 
.047 
.flSfi 
.083 
.012 
.000 
.018 
.083 
.035 
.047 
.059 
.070 
.088 
.094 
.106 
.117 
.189 
.141 
.153 
.165 
.177 
.188 
.800 
818 
.884 
.836 
.248 
.260 
.278 
.284 
.896 
.307 
.381 
.333 
.345 
.357 
.3t59 
.381 
.393 
.405 
417 
.489 
.441 
.464 
.466 
476 
491 



L 



[ 



"•• 



•fOBTABLS BAROMftTAIOAt* TABZiCS* 



I 



00 

3 



51101 if the Temperaiures of the Air above the freeximg Pomt ^ 
the two extremities of' the Column^ or the vatuee o/T+t k 
degrees of Fahrenheit's Thermoineter. 



51 SI* 



895 

634 

83S 
831 
830 
89d 



827 



yds. 

43.40 
3^.57 
t\flA 
10.87 


10.88 
,«1.77 



82t 3^.66 



32» 



4S.6L 



S2€ 54.54 
8-25 65.48 
824 76;44 
823 87.43 
829 98.42 
d2t 109.40 
820 120.41 
819131-44 
818 142.48 
817 153.53 
816164.61 
.815175.68 
814186.77 
8rt 197.79 
811^209.00 
£«().! 6 
231.32 
,12.48 
808K5S.73 
807|$64.8^ 
806;27«.03 
S05J286.59 
; 804|298.47 
803;3d9.73 
802<320;98 
8011332.^ 
13:56 
L85 
^66.16 
r7.49 
796388.85 
795400.18 
794411.57 
793«422.95 
792 434.37 
791 445.76 
700 457.20 



33» 



yds. 

43.45 

32.60 

21.76 

10.88 



10.89 

21.79 

32.70 

43.65 

54.60 

65.55 

76.52 

87.53 

98.52 

109.51 

120.54 

131.58 

142.64 

153.70 

164.78 

176.87 

186.97 

198.C0 

209.23 

220.40 

231.571 

242.-74 

'V54.00 

265.11 



84» 




yds. 
43.49 
32.64 
21.78 
10.89 


10.91 
21.«2 
32,73 
43.70 
54.66 
65.62 
76.61 

87.62 
98.63 
109.63 
120.67 
131.72 
142.80 
153.86 
164.96 
176.05 
Iijr7.l7 
198.32 
209.45 
220.04 
231.81 
243.00 
254.28 
265.39 



35» 



276.32^276.62 



286.90 
298.79 
310.07 
321.33 
332.62 
343.92 
355.23 
366.57 
377.90 
389.26 
400.61 
412.01 



434.83 
446.24 
457.69 



287.24 
299.11 
310.40 
321.67 
332.98 
344.29 
355.61 
366.95 
378.30 
389.68 
401 ;84 
412.45 



423.41-423.86 



435.30 
446;71 
458.18 



yds. 
43.54 

32.67 
21.81 
10.90 


10.92 
21.84 
32.77 
43.75 
54.72 
95.69 
76.69 
^7.71 
98.73 
109.75 
iSO.79 
131.86 
142.95 
154.03 
165.14 
176.24 
187.37 
198.53 
209.68 
220.87 
23^.06 
243,26 
«54.55 
265.68 
2? 6.91 
287.51 
299.43 
310.73 
322.02 
333.34 
344.66 
355.99 
$67:34 
S7§;71 
390: 10 
401.47 
412.89 
424.32 
435.76 
44;?. 19 
458;87 



36^ 



yds. 
43.59 
32.70 
i^K83 
10.92 



10.93 
21.86 
32.61 
43.79 
54.77 
65.76 
76.77 
87.81 

98.84 
109.86 
120.92 
132.00 
143.10 
154.19 
165.81 
17(5.43 
187.57 
198.74 
209.90 

221.11 
232.31 
243.52 
254.82 
265.96 
277.21 
287.82 
299.75 
311.1)7 
322.36 
S3S;69 
345:02 
356.87 
367.73 

379.11 
390.51 

401.89 
413.33 
424..77 
4?6^ 
447.67 
459:16 



37* 



yds. 
43.63 
32.74 
21.85 
10.93 


10.94 
21.89 
32.64 
43.84 
54.83 
65.83 
76.85 
87.90 
98.94 
109.98 
121.05 
132.15 
143.25 
154:36 
165.49 
176.62 
187.77 
198.95 
210.12 
221.35 
232.56 
243.78 
255.09 
266.24 
277^.51 
288.13 
300.08 
311.40 
322.71 
334.05 
34539 
356.76 
368.13 
379.52 
390.93 
402.32 
413.78 
425;22 
436.69 
448.15 
459.66 



38® 



jds. 

43.68 
32.78 
2i.88 
10.94 


10.95 
21.91 
♦82.87 
43.89 
54.89 
65.90 
76.93 
87.99 
99.04 
110.09 
121.18 
132.28 
143.41 
154.52 
165.67 
176.81 
187.97 
199.26 
210.35 
221.58 
232.80 
244.(»4 
255436 
266.53 
277.80 
288.44 
800.40 
311.73 
323.05 
334.41 
345.76 
357:14 
368.52 
879.92 
391.35 
402.75 
414.22 
425.68 
437;16 
448.63 
460.15 



31 ds. 
43.73 
32.81 
21.90 
10.95 


10.97 
21.93 
32.91 
43:94 
54.95 
65.97 
77:02 
88.09 
99.15 
110.22 
121.31 
132.43 
143.56 
154.69 
165.85 
176.99 
188.17 
199.48 
210.57 
221.82 
233.05 
244.^0 
255.64 
266.81 
278.10 
288.74 
300.72 
312:06 
323.-40 
334.77 
346.13 
357.52 
368.91 
880.33 
S91.77 
403: 1 H 
414:66 
426:13 
437:63 
449.10 
460.64 



399 



yds. 

43.77 
32.85 
21.92 
10.96 

O 

10.98 

21.96 

32.94 

43.98 

55.01 

66.05 

77.10 

88.18 

99.25 

110.33 

121.44 

132.57 

143.71 

154.85 

166.02 

177.18 

188.37 

I99.T0 



210.79 211.02 



222.05 
233.30 
244.56 
255.91 



267.09 267.3H 



278.39 
289.05 
301.04 



312.40 312.73 513.06 



323.74 

335.12 

346.50 

357.90 

369.31 

380.73 

392.18 

403.61 

415.10 

426.59 

438.09 

449:58 

46lil3 



4» 



yds. 
43.82 

32.88 
21.94 
10.97 


10.99 

21.98 

S2M 

44.03 

55.07 

66.12 

77.18 

88.28 

99.36 

110.45 

[121.57 

132.7 ( 

145.87 

155.02 

166.20 

177.37 

188.57 

199.91 



41« 



222.29 

244.82 
256.18 



278.69 
289.36 
S0LS6 



yds. 

4f.W 
32.93 
21. 9T 
10.98 


11.00 
2^.00 
3SM 
44.08 
55.13 
66.19 
71.26 

99.46 
110.5'! 
121.70 
132.85 
144.02 
155. IS 
166.38 
177.56 
188.77 
200.12 
211.^ 
222.52 
2.13.79l8fc 
245.06 
256,45 
«67.6<5 
27^.99 
289.61 
901.6? 



M 
.(US 

,01! 
J 
.OlS 

,-« 



iix 

\r 

K' 

,131 

,1: 

.9. 
.2K 



324.09 
335.48 
346.87 
358.28 
369.70 
381.14 

40*4.04 
415.54 
427.04 
438.5^ 
450.06 
461.62 



,2^ 
.^« 
M 

.^i 
324.4^ .315 
355.841:15: 
347.24 
358.66 
370.0'9 
381.55 
393.(;S 
404.47 
415.98 
427.49 
439.03 
450.54 
462.ir 



.369 
,3^1 



.441 





I , 



POH^fAliLB' BATROMETHIC'AL rA8L«n 



n 






t 
o 



•1 



Sum 9f the TemparaiureB of tike Air above the freezing Point, at the 
UtHf eifiremUiee of the Cohann, or the ifalues o/T + tin degrees 
of Fahrenheit* s Thermometer, , ^ . 



yds. 

835 

m 

833 
83^ 
831 
830 
S39 
8^8 
827 
826 
825 
824 
823 
822 
821 
820 

m 

818 

8n 

81^ 



42*^ 



yds. 
43.92 
39.96 
«1.99 
10.99 


11.01 
22,02 
33.07 
44.13 
55.19 
66.96 



43*'v 



yds. 
43.96 
33.00 
82.01 
11.01 

11.03 

2«.oa 

33.1] 
44.17 
55.25 
66.33 
77.42 



440 



88.46-88.56 



809 
808 
807 
806 
805 



99.56] 99.67 
110.69 110.80 
I2I.8S 121.95 
132.99 133-13 
141.17 144.33 
(55.34 135.51 
166.55(166.73 
177.95 
189.17 
200.54 
211.69 
332.99 
234.29 
^5.60 
256.^9 
268.23 
279.68 

^90.28 
302 32 

313.72 

324.77 325.12 
336.20 336.55 
347.61 347.98 



815 177.76 
8U 188.97 
813 200.33 
812 211.46 
811 222.76 
810 234 04 



792 



790 



245.34 
256.72 
267.04 
279.29 
289.98 
S04 302.00 
803 313.39 
802 
801 
800 
799 359.04 
370.48 
797 381.95 
796 393.44 
795 404.90 
794 416.42 
793 427.94 



yds. 
44.00 
33:03 
22M 
11.02 


11.05 
22.07 
33.15 
44.22 
55.31 
66.40 
77.51 
88.65 
99.78 
110.92 
122.08 
133.27 
144.48 
155.67 
166.90 
178.13 
189.37 
5J00.74 
2\l,\)l 
223.23 
234.53 
245.86 
257.27 
268.51 
279.88 
290.59 
302.64 
3i4.06 
3^5.46 
336.91 
348.85 



45'>^ 



439.50 



791 451.02 



462.60 



359.42 
370.88 
382.36 
393.85 
405.33 
416.87 
428.40 
439.96 
451.50 
463.10 



yds. 
44.05 
33.07 
22.06 
11.03 

11.06 
22.12 
33.18 
44.27 
55.37 
66.47 
77.58 
88.75 
99:88 
111.04 
122.21 
133.41 
144.63 
155.84 
167.08 
178.32 
139:57 
200.95 
212.14 
223.46 
234.78 
246.12 
257.54 
268.80 
280.17 

290.90 
302:96 
314.39 
325.81 
337.27 
348.72 



46^ 



359.80 360.18 
371.27 371.66 



382.76 
394.27 
405.77 
417.3< 
428 85 
440.43 
451.99 
463.59 






3^3.17 
394.69 
406.20 
417.76 
429.31 
440.90 
452.47 
464.08 



yds. 

44.09 
33.10 
22.08 
11.04 


11.07 
22.14 
33-21 
44.31 
55:42 
66.54 
77.67 
88.84 
99.99 
111.15 
122.34 
133.55 
144.78 
155.00 
167.26 
178.51 
189.77 
201.16 
212.36 
223.70 
235.03 
246.33 
257.81 
269.08 
280.47 
291.20 
303.28 
314.72 
326.15 
337.62 
349.08 
360.56 
372.05 
353.57 
395.10 
406.63 
418.20 
429.76 
44. .36 
452.95 
464.57 



47' 



yds. 
44.14 
.33.14 
22.11 
11.06 


11.08 
22.16 
33.25 
44.36 
55.48 
66.61 
77.75 
88.93 
100.10 
Ul.27 
122.46 
133.70 
144.94 
156.17 
167.45 
178;70 
189.97 
201.37 
212.58 
223.94 
235.28 
246.64 
2d«.08 
269.36 
2:i0.77 
291.51 
SO3.6O 
315.06 
326.50 
337.98 
349.45 
360.95 



48*» I 49* 



372.45 
38S:98 
395.52 
407.06 
418.64 
430.22 
441.&S 
453.43 
465.07 



yds. 
44.19 
33.17 
22.13 
11.07 


11.09 
22.19 
33.28 
44.41 
55.54 
66.68 
77.83 
88.03 
100.20 
111.38 
122.59 
133.84 
145.09 
156.33 
r67.62 
178.89 
190.17 
201. 5S 
212.82 
224.17 
235.53 
246.90 
258.35 
269.65 
281. op 
291.82 
3[)3.9S 
315.39 
326.84 
338.34 
349.82 
361.33 
372.-4 
384.38 
395.94 
407.49 
419.09 
430.67 
442.30 
453.91 
465.56 



yds. 
44.23 
33.21 
22.15 
11.08 


11.11 
22.21 
33.32 
44.46 
55.60 
66.75 
77.92 
89.1^ 
100.31 
lil.50 
122.72 
133.98 
145.24 
156.50 
167.79 
179.07 
190.37 
201.78 
213.04 
224.41 
235.77 
247.16 
258.63 
269.93 
281.36 
292.13 
304.25 
315.72 
327.19 
338.70 
350.19 
361.71 
373.23 
384.79 
396.36 
407.93 
419.53 
431.13 
442.77 
454.40 
466.05 



50" 



yds. 
44.28 
33.24 
22.47 
11.09 


11.12 
22.24 
33.35 
44.50 
55.66 
66.82 
78.00 
89.22 
100.41 
111.62 
122.85 
134.12 
145.40 
156.68 
167.97 
179.26 
190.57 
202.99 
213.27 
224.64 
236.02 
247.42 
258.90 
270.22 
281.65 
•?92.43 
304.57 
316.05 
327.53 
339.05 
350.56 
362.09 
373.63 
385.19 
:i96.77 
408.35 
4)9:98 
431.58 
443.23 
45'4.88 
466.55 



51« 



yds. 

44.33 
33.28 
22.20 
11.10 


11.13 
22.26 
33.39 
44.65 
55.72 
66.89 
78.08 
89.31 
100.52 
111.74 
122.98 
134.26 
145.55 
156:83 
168.15 
179.45 
190.77 
202.20 
213.49 
224.88 
236.27 
247.68 
259.17 
270.50 
281,95 
292.74 
304.tJ9 
316.39 
327.88 
339.41 
350.93 
362.47 
374.02 
3,85.60 
39r.l9 
408.79 
420.42 
43S5.04 
443.70 
455.30 
467.04 



52« 



a 



yds. 

44.38 

33.31 

22.22 
11.11 

11.14 

22.28 
33.42 
44.60 
55.78 
66.96 
78.16 
89.40 
100.63 
111.86 
123.11 
134.41 
145.70 
157iOO 
168.33 
179.64 
190.99 
202.41 
213.72 
225.12 
236.52 
247.94 
259.44 
270.78 
282.25 
293.05 
305.21 
3^6.72 
328.22 
339.77 
351.30 
362.»5 
374.41 
386.00 
397.61 
409. ^i2 
420.86 
432.50 
444.17 
455.84 



.047 
.035 
.023 
.012 
»000 

;oi2 

.024 
035 
,047 
.059 
.070 
.082 
.094 
.106 
.117 
.129 
.141 
.153 
.165 
.178 
.188 
.200 
.208 
224 
.236 
.248 
:26o 
.272 
.284 
296 
307 
.321 
.333 
.345 
.357 
.369 
381 

.393 
.405 
.417 
.432 
.444 
.455 
.467 
.482 



467.53 U93 



f 






rOBTABLB BAKOMBTIlieAI. TABIiBf^ 



Iff 



I 



S'tmi 0f the Temperaturt9 of tie Ahraheve the freaing Pehtdttk 
twe extremitUe ef the Column, or the valuee of T+ t im degrm 
of Fehrenheife Thontometer, 



W. 



vds. 



ydi. 



88$ 
831 
83( 



8I7| 

811 

8li 



885 44.48 
884 83.35 
8381 28.24 
11.18 


11.15 
889128.30 
884 88.45 
44.e& 
8861 55.84 
825 61.08 
824i 78.84 
8831 89.49 
[100.78 
88illl.9>* 
8201188.24 
184.55 
145.85 
157.16 
168.51 
179.88 
8l4ll91.17 
818B02.68 
811^18.94 
81l{225.85 
810«36.77 
809^848.80 
808^25970 
807te71.07 
80^288.55 
805^98.36 
804(305.53 
8U8j|^17.05 
80»8.^8.56 
8U3J840.18 
800(351.67 
799 363.88 
79b 374.80 
797 386.41 
796 39H.03 
795 409.65 
794 481. 8<' 
793 438.95 
792 444.64 
791 456.32 
ISK 46^.0^ 



54«. 



yds. 

44.47 

38.38 

22.27 
11.18 


11.16 

88.32 

33.49 

44.69 

55.90 

67.10 

78.38 

89.59 

100.84 

118.09 

128.37 

134.69 

146.01 

157.33 

168.68 

l^«.02 

191.88 

202.83 

814.18 

885.59 

83^.08 

848.46 

859.97 

;t7l.36 

^82.64 

^93.66 

3l«5.8d 

317.39 

388.91 

340.49 

352.04 

363.61 

375.20 

386-81 

398.45 

4i0.08 

1481.75 

433.41 

445.10 

56.79 

468.51 



55». 



66«. 



yds. 

44.51 

33.48 

88.29 
11.15 


11.17 
88.35 
33^8 
44.74 
5595 
67.17 
78.41 
89.68 
100.94 
118.81 
123i50 
}34.83 
146.16 
157.49 
I68.8t) 
180.81 
191.57 
203.03 
214.40 
225.88 
237.27 
248.72 
260.23 
271.04 
2*3.14 
293.97 
306.17 
317.78 
3«9.i5 
340.85 
352.41 
364.00 
375.59 
387.88 
39-.86 
410.58 
488.10 
433.86 
445.57 
457.88 
469.01 



57<». 



yds. 
44.56 
83.45 
88.31 
11.16 


11.18 
88.37 
33.56 
44.78 
56.01 
67.84 
78.50 
89.77 
101.05 
118.88 
183.63 
134.97 
146.31 
157.66 
169.08 
80.40 
191.78 
808.84 
814.68 
886.06 
837.58 
848.98 
260.50 
871.93 
863.44 
894.88 
306.49 
318.06 
389.60 
341.81 
352.7b 
364.38 
375.09 
387.63 
399.28 
410.95 
488.63 
434.38 
446.04 
457.76 
469.50 



yds. 
44.61 
33.49 
88.34 
11.17 


11.19 
tt.39 
33.59 
44.83 
56.07 
67.31 
78.58 
89.86 
101.15 
118.44 
18376 
135.11 
146.46 
1.^7.88 
169.81 
180.59 
191.98 
203.45 
214.84 
886.89 
237.77 
249.24 
26076 
272.22 
283.73 
294^ 
3u6,fc8 
318.39 
389.94 
341.57 
353.15 
3«4.7<j 
376.38 
388.03 
309.70 
411.38 
483.07 
434.77 
446.50 
i58.83 
469.99 



5r, 



yds. 
44.65 
3338 
88.36 
11.18 


11.81 
88.41 
33.63 
44.88 
56.13 
67.38 
78.iS6 
89.96 
101.86 

118.56 

183,89 

135 86 

146.68 

157.99 

169.39 

180.78 

198.18 

803.66 

815.08 

226.58 

238.09 

249.50 

261.08 

278.51 

884.03 

894.89 

307.14 

318.72 

380.89 

341.93 

353.52 

365.14 

376.7? 

388.44 

400.18 

411.7. 

48352 

435.23 

446.97 

458.71 

470.48 



59«. 



yds. 
44.70 
33.56 
88.38 
11.19 


11.88 

88.43 

33.66 

44.98 

56.19 

67.45 

7a74 

90.05 

101.36 

118.68 

124.08 

135.40 

146.77 

158.15 

169.56 

180.97 

192.39 

203.87 

815.30 

826.76 

8S8.;?7 

249.76 

861.89 

272.80 

884.33 

29$.^0 

307.46 

319.06 

330.63 

34^^29 

353 89 
365.5s 

377.n 

388.8$ 

400.54 
4ii2;.24 
428.96 
435.68 
447.44 
459.19 
470.91 



60". 



yds. 
44.74 
33.59 
88.40 
11.21 


11.23 
22.46 
33.70 
44.97 
56.25 
67.52 
78.83 
90.1^4 

101.47 

118.80 

124.15 

135.54 

i 46.92 

158.32 

169.74 

181.16 

92.59 

204.07 

8 i 5.58 

286.99 

258.52 

250.02 

26156 

273.08 

884.h3 

295.50 

307.78 

319.39 

330.99 

348.65 

354.26 

P65.91 

377.56 

389.26 

40().95 

412.Q0 

424.40 

436.14 

4^7.91 

459.67 

471.47 



61*. 



yds. 

44.79 

33.63 

22.43 

11.22 


11.84 

82.48 

33.73 

45.01 

56.30 

67.59 

78.91 

90.24 
}0|.57 
112.91 
1^4.28 
135.68 
147.08 
15^.48 
169.91 
181.35 
192.79 
204.28 
815.75 
2iJ7.83 
238.77 
250.28 
261.88 ^62.09 
273.37 273.66 
804.92 885.22 
295.81 296.12 
30^.10 308.41 



QQr* 



^, 



,ft 



319.74 
331.32 
34:^.01 

354.63 
366.89 
377.96 



^89.66 390.0: 
401.37 401.79 
4 3.1 l|4J3.^ 
484.85 

436.59 437.05 
448.37 448.84 
460.15 460.63 
471.96 47245 



yds. yds. 

44.84 44.88 

88.66 3^.70|a 

22.45 ml 

11.23 11-^ 


11.25 II « 

22.5U HJA 

88.77 53.J0 

45.U6 45.11 

56.36 5M2 

67.66 6'-W 
T8.99 WJn 
90.33 90.42 

101.68 iOlM 
113.03 113.13 
124.41 124.M 
135.82 lS3.if7fIli 
147.23 UU 
158.65 l58Jil 

170.69 170.M 
181.54 lbl.73 
193.0U 193.30 
204.49 2W.70 
215.97 216.19 
227.46 »«l.«|ai 
239.('2 f39.i: 
250.54 2M).JfO 

flS.9i 
i&M 
296.45 

320. 

355.36 
36T.('i 

39i).4^| 



320.07 
331.67 
343.37 
355.00 
366.67 
578.35 



I 



426.29 425.7^ 
437.30 

461.11 



PORtABLI^ tfAROMEtEtCAt tAQtft^f 



mmm 



3f5* 

ar 



09 

o 
9 



Sum ef the Temperatures iff ihe Air above the freezing Point at the 
twi^ extremities of the Oolumn, or the valueoof T+ f indegrf^» 
of Fahrenheit's Thermometer. 



-n 



ees 



64< 



O' 



yds. yd*. 
835 44.93 
83A S3.7S 
83^ 22.50 
83S 11.25 
831 
83( W'tt 
829 2254 
828 33.84^ 
827 45.16 
826 53.48 
825 67.80 
824 79. W 
823 90.51 
822 101.89 
821 11S.27 
820 124.67 
819 136.11 
818 147.63 
817 158.97 
816 170.44 
815 181.92 
814 193.40 
813 204.91 
812 816.41 
811 ^7193 
810 239.62 
809 251.06 
808 262.62 
807 274.24 
806 285.92 
805 296.74 
804 309.06 
803 320.79 
802 332.36 
801344.09 
800 356.73 
799 367.43 
798 379.14 
797 390.88 
796 402.63 
795 414.40 
794 426.17 
793 43T.95 
792 449.78 
791 461.59 
790 473.43 



65< 



yds. 
44.97 
33.77 
22.52 
11;26 


11.28 
22.57 
33.87 
45.80 
56.54 
67.87 
79.23 
90.61 
101.99 
113.39 
124.80 
136.25 
147.69 
159.14 
r70.61 
182.11- 
19^.61 
205<12 
216.64 
228.17 
2^*77 
261.32 
262.89 
274.62 
286.2] 
297*05 
309.38 
321.06 
332^71 
344.46 
366.10 
367.81 
379.64 
391.29 
403.04 
414.88 
426.61 
488.41 
46a24 
462.07 
473.92 



66^ 



yds. 
45.08 
33.80 
22.54 
11.28 


11.29 
22.59 
33.91 
46.26 
56.59 
67«94 
79.32 
90.70 
109.10 
113.51 
124.93 
136.39 
147.S4 
159.30 
170179 
188.2# 
193.81 
206.32 
216.80 
228.41 
240«02 
251.68 
283.16 
274.81 
286.61 
297.86 
309.70 
321.40 
333.05 
344.81 
366.47 
368.19 
379.93 
391.69 
403.46 
415.86 
497.06 
488.86 
46a71 
462.66 
474.41 



67*. 



yds.- 

46.07 

33.84 

22.57 

1 1.29 

• 

11.30 

22.62 

33.94 

4529 

'66*65 

68.01 

79.40 

90.80 

102.20 

113.63 

12S.06 

136.53 

147.99 

169.47 

170.97 

182.48 

194;0( 

206.63 

21T.00 

228*65 

240.27 

251.84 

263.43 

275.09 

28&80 

297.66 

310.02 

391;73 

333.40 

346.17 

366.84 

368.67 

380.32 

392.10 

403.88 

416.69 

427.60 

489.32 

461.18 

463.03 



68*». 



yds. 
4.^11 

33.87 

92.69 

11.30 



11.31 

23.64 

33.98 

45.34 

56.71 

68.08 

79.48 

9a89 

102.31 

113 76 

125.19 

136. 6t 

148.14k 

169.63 

171.14 

18&67 

194.21 

206.74 

217.31 

228.89- 

240.62 

262.10 

263.70 

275.38 

287.10 

297,^7 

310.34 

322.06 

333.74 

346 J»3 

367.81 

368.96 

380.71 

392.60 

404.89 

416.12 

487.94 

439,77 

461.64 




690. 



yds. 

45.16 

33.98 

22.61 

11.31 

Q 

11.33 
22.66 
34.02 
46.39 
66.77 
66.M 
7966 
9a.98 
109.48 
113.87 
126;32 
I36u81 
148^30 
169.80 
171.32 
188.86 
194.42 
205.95 
217.64 
229.14 
840.77 
262,36 
263.97 
276.67. 
287.40 
298. j^ 
310.67 
322.39 
334.08 
345.69 
357.68 
369.34 
38M0 
392.91 
40^.71 
416.66 
488.38 
440.83 
452.11 



463.60 463.98 



474.90 47 6^9 Hk76.89 






70o. 



yds. 

45.80 

33.96 

82.69 

11.32 

.0 

t|.34 

22.69 

34.05 

46.43 

60.83 

68w23 

91.08 
102.69 
113.99 
126,46 
130.96 

mM 

159.96 
171.60 
183.06 
194«62 
^06.16 
^17.76 
229«S8 
^l.#02 
252.62 
264^ 
276.96. 
287.69 
298.69 
310.99 
322.72 
334.43 
34Q.26 
367.96 
369.72 
381.60 
393.31 
405.14 
416.98 
428.82 
440.68 
462.68 
464.46 
476.38 



71^ 



yds* 

46.85 
33.99 
^.66 
M.34 
. 
11.35 
22.71 
34.09 
45,48 
60.88 
68.30 
70.73 
91.17 
IQI^.63 
114.11 
126.68 
137.09. 
148.60 
166.13 
nU68 
1^.23 
194*88 
806.36 
817.99 
^89^ 
241.87 
252.86. 
264.61 
276.24 
287.99 
1^8.99 
311.31 
323.06 
334.77 
346.bl 
358.32 
370.10 
381.89 
393.92 
405.56 
417.41 
429.27 
441.14 
463.06 
464.94 
[476.87 



72«. 



yds. 

46.30 

34.02 

22.68 

11.35 

ft 



11.36 
.22.74 
34.12 
45,52 
50.94 
68.37 
79.81 
91.27 
102.73 
114.23 
125.71 
J 37.23 
148.76 
160.29 
171.86 
183.48 
195.03 
206.57 
218.21 
2^9.86 
2^1.52 
263.14 
264.78 
5476.52 
28$.28 
299.30 
311.63 
323.39 
335.12 
346.97 
358.69 
S70.4S 
3S2.28 
394.12 
405.97 
417.84 
489.71 
441.69 
453.51 
465.42 
477.36 



73*'. 



u 



ydtr 
46.34 
34.06 
22.70 
11.36 


11.37 
22.76 
34. 1« 
46.57 
67.00 

68.44 
79.89 
91.36 
108.84 
114.35 
185.84 
137.61 
148.91 
160.46 
172.03 
183.61 
196.83 
806.78 
218.44 
230.10 
241.77 
263.40 
265.06 
276.81 
288.68 
299.6J 
311.96 
323.72 
335.46 
347.33 
359.06 
370.86 
382.68 
394.63 
406.39 
418.27 
430.16 
442.05 
463.98 
465:90 
477.85 



74« 



yds. 

46.39 

54'.09 

22.73 

11.37 

;0 . 

11.38 
82.78 
34.19 
45J62 
57,06 
68.51 
79.97 
91.46 
102.95 
114.46 
125.97 
137.61 
149.06 
160.(53 
172.21 
183.80 
195.43 
1806.99 
218.66 
830.34 
242.02 
253.66 
265.32 
277.10 
288.88 
299.92 
312.87 
384.05 
336.81 
347:69 
369.42 
371:24 
383.08 
394.94 
4O6.8O 
418:69 
430:59 
442.30 
4^:46 
466.38 
478:34 



- 

;640 
.035 
.023 
.018 
.00(^ 
.011 
.024 

'03i 

104( 

.058] 

.Otl5 

.085 

.094] 

.1< 

.12( 

.I30j 

.14( 

.16: 

.10! 

.17' 

.ik 

.205 

.2081 

.21 

241] 
.25( 

2601 
.270] 
.28( 

ISI 

.321j 

.3381 

.344 

.36o| 

.370J 

»38l 

^93] 

.405 

.417 

.430 

.442 

.456 

.467 

.479 

.491 



FOItTABIxC BAKOUBCBICAK TAS'I.Ui 



wpmfAnhn mAMnmrnmic \M, r^BLBi. 



(I 



% 



• 

1 

5 



6m» ^ ike 'Smftrafmifu •/ lAe iltr alvHie the freatmg Poimi «! 
M? ima tMtrtmjiiu of tkt Cokmrn^ or Me vuhuo of Tf # m 
degree* of Fahrenheit e ThermomUer. 



W 



yds, 
7(s9f468.66 
78b|MO.U 

?b7 491.4"^ 
7Sfi 503.09 

7^5 5 14.59 
784 526. II 

783 ^IM 
788 54».20 
7«1 56i^7i5 
780 W2.:>3 
779 5»3.93 
778 i95.M 
777 807.17 
776 618.1^0 

775 630.46 

774 642,12 

773 65,1,80 

774^.^ 
77ll677.«i 

76*i2.43' 

767 1^4.21 
7«« 136.00 
766 f47.81 
764 IdB.Qa 
7«3 171.47 
'6^ 7»S.3^ 
7**796.18 
160 807 .(rt 
•168 s>18.97 
76« 830.88 
157 842:80 
766 S54.76 
766 1186.1 1 
"JS* i78.69 

768 S90.69 



77 
76 



9^ 



yds. 

41^.17 
4^0.63 
492.02 

6p3.fi3 
515.15 
5^6.68 
638.23 
549.79 
661.36 
57^.95 
5^4.65 
59/9.18 
607.83 
619.47 
631.12 
649.81 

6Q6.:» 
677.93 
6i$9.68 
7Ui.44 
71*3.540 
724.93 
736.79 
74{^.62 

76044 
772.30 
784.10 
790.Q4 
»Q7.93 
«(19.te 
i^l.77 
843.71 



979.64 
891.64 



9» 



a4< 



yds. t4s. 
469.67 4l!0.l7 
481.14 4-)l.a6 

402.65 493.0^ 

504.17 504.71 
515.70 5 16.25 
527.84 627.81 
538.81 539.3 
550.30 550.97 
561.97 562.51 
573.56 674.1b 

585.18 685.S1 
.>9B.82 59%46 
608.48 609.13 
620.13 620.80 
^1.80 632.48 
643.50 644.19 
6^.yl 655.91 
666.93 667.65 

678.66 679.39 
690.42 691.16 

702.19 702.94 
7 13.96 714.73 
726.76 726.54 
737 .6« 738.,i8 
749.42 750.22 
76l.ti6 762.07 



773.12 
786.0P 



773.95 

785.84 



796.89 797.75 
Sas.bO 809.66 
820.73 b21 .61 
832.091^.56 
844.61 946.5y 
81^6.58 857.60 



867.64 8^37 869.60 



152 >o2.7u 903.66 

'61 J14.72 915.70 

160 )26.76 927.75 

•149 )38.83 919.84 

X^ i)60.87 951.89 

1^7 )62.94 963.98 

J46 H5.li 976,161977.21 1978.26 

l^ ^7.30 98^.36 989.4^ 990.48 

14^9.?P. ipOa.4 lbfli,4 100^.6 



a 



<*9Eip^^S^^r 



880.58 881.53 
892.60 8^1.55 
904.63 90^.50 
916.69 017.67 
9;^8.74 929.74 
940^85 041.86 
95^.91 963.93 
965.02 966.06 



W 



y4s. 
470.67 
482. |7 
403.61 
505.26 
516.80 
52^.58 
539.96 
551.55 
563.17 
574.79 
686.43 
5Q8<09 
609.78 
621.46 
633.16 
644.88 
656.61 
668.36 
680.11 
691.90 
'70S.fi9 
715.49 
727.32 
739.17 
751.03 
762.89 
174.78 
786.68 
798.60 
810.53 
822.49 
«34.46 
€(46.42 
758.42 
870.43 
88:^^.47 
894.51 

906.57 
918.65 
930.73 
942.87 
954.9^ 
967.10 
979.31 
991.54 



i*« .^^^^^^m «•>. 



^' 



y*. 

47LH6 
482.67 
494.14 
605.79 
517.35 
528.94 
540.54 
552 J 4 
563.77 
575.41 
587.06 
698.73 
610.44 
622.12 
633.^ 
645.57 
657.31 
669.08 
630.ii4 
692.64 
7(14.46 
716.>i6 
r728.10 



S7» 



739.96 74i'.75 



751.83 
763.71 
776.61 
787.53 
799.45 
811.40 
823.37 
835.34 
847.33 
859.S4 
871.3' 
883.41 
895.47 
907.54 
919.63 
931.73 
943.88 
965.97 
968.14 
980.^ 
992.60 
1004;.6 



yds. 

471.68 
483.19 
494.67 

506.33 
517.91 
529.60 
541.11 

652.73 
564.37 
576. '^ 
587.69 
599.37 
6ll.0i^ 

622.79 
634.51 
646.26 
&58.P1 
669.79 
6i^l.57 
693.3^ 
706.20. 
717.02 
728.88 



39^ 



752.63 
764.52 
776.44 

788.37 
800.^1 
812.26 
824.25 
836.23 
848.23 
860.26 

872.30 
884.36 
896.42 
908.51 
020.61 
932.72 
944.89 
956.99 
969.18 
981.41 
993.66 
^005.7 



y/dU. 

472.1B 

483.71 

405.20 

506.87 

6lMa 

530.07 

541.69 

5^.32 

564.9'> 

P76.64 

588.32 

600.01 

611.74 

623.46 

635.19 

646.96 

658.72 

670.51 

082.30 

694.12 

705.95 

717.80 

729,65 

741. 

753.43 

765.34 

777.26 

7^9.21 

801.16 

813.13 
826.13 
837.13 

849.14 
S61.I7 
873.«3 
^86.3ii 
897.S8 
90947 
921.60 
933.72 
9^5.90 
958.01 
970.22 
9^.46 
994.72 

iooa.s 



y4l5. 

472.69 

484.22 
496.73 
507.4t 
519.01 
530.63 
542.26 
553.9. 
566.6« 
677.25 
688.94 
6g0.65 
612.30 
624.12 
6i35.86 
647.64 
669.42 
671.22 



• ««ek«ph ■•••*» ■** 



w' 






y4«. 



47S.19 47|f.69 



484.74 



41* 



y4s. 



4^.^d .616 



496.^ 406.79 



507.96 
619.66 
531.2 > 
542.84 
564.60 
566.(8 
577.87 
589.57 
601.99 

6i3.05 
624.78 
636.64 
648.33 
660.12 
67ij94 



64 742 



706.71 
718.66 
^730.43 
.34 
754.24 

766.16 

778.09 

790.06 

802.02 

813.99 

826.01 

838.02 

850.04 

862.09 

874.16 

886.251 

898.33 

910.45 

922.58 

934.7 1 

946.91 

959I03 

971.26 

983.51 



663.d2 683.75 
694.86 095.60 



707.46 
719.33 
731.21 
743.13 
765.04 
766.97 
778.92 
790.89 
802.87 
814.86 
826.89 
838.9 1 

860.96 
863.01 
875.09 
887.19 
899.29 
911.42 
923.66 
935.71 
947.92 
960.05 
972.30 
984.66 



'WnF 



5''8.49J 

520.12 

531.76 

648.42 

556.09 

)66.78 

578.48 

690.20 

601 .93 
613.70 
625.44 
637.22 
649.01 
660.82 
672.65 
684^48 
696.34 L74() 
708.21 .761 
720.09 .766 
731.99 .77# 
749.92 1.791 



.640 
363 
.66^ 
57^ 
.68^ 
j6Q2 
.616 

•QKT 

.6^9 
.663 
.664 
.677 
.690 
,702 
.7ip 
.727 



995.78 996.84 
1007.9 lig08.9 



755.84 
767.79 
779.76 



.803 
.816 
.823 



791.73 .84J 



803.72 
815.73 

827.77 

839.80 
851.86 

863.93 
876.0^ 
8J»8.i3 
9U0.«5 
912.39 
924.54 



936.71 .996 



948.89 
961.07 
973.34 
985.61 
997.90 

1010.0 



.854 

.866 
.880 
.892 
.906 
.91^ 

.93* 
.944 
.966 
.970 
.982 



hOl 
1.02 
1.04 
1.06 
1.06 
1.07 



^OmtABLB 1IA*ROim»lCAL' tAELM. 



mm 



X 






9 



yds. 



Smm of the Temperaturei of the Air above the freezing Prntiot tk 
tw& extremttiee of the Column^ or the imlvee pfT.J^~tw degna 
of Fahrenheit* iThermom^er^ 



4Sf» 



ydf. 



789 474.19 
788 185.77 
497.$8 
09.03 




^ 



yds. 
474.70 
486.29 
497.84 
509.57 



yds- 
475.20 



486.81 487.S3 



44* 



yd»: 

475.70 



496.37 
510.11 
521.78 



777 614.85 '616.00 



20.67 52K22 

!.32 532.89 1533.45 1534.02 

.00 544.58 

.68 556.27 
67.381567.99 
79.09 579.71 

.S3 1591.45 
1)2.57 '^.21 




776 626.10 
775 637.90 
774 649.70 
773|66l.5f 
^.36 
>.21 
n.06 
r08.96 
r20.85 
767tr 32.77 
766 744-71 
765 756.64 
764 768.61 

763 780.58 
762 792.57 
761 804.67 
760 816.60 
769 828.66 
758 >^0.69 
757 852.76 

• 756 864.65 
755 876.96 

764 8JS9;07 
75i 901.21 
752 913.36 
751 925.52 
760 937.70 



626.77 
638.57 
650.39 
662.23 
674.08 
685.94 
697.8? 
709.71 
721.62 
733.55 
745.50 
757.45 
769.42 
781.41 
793.41 
805.43 
817.46 
829.63 
841.69 
853.67 
866.77 
877.88 
890.02 
902.16 
914.33 
926.51 
938.70 
749|949.90 960.91 



74H 
747 



962.09 



746 986.65 
745 998.95] 
744 1011.1 



963.11 



U74.S7 975.40 



545.16 

566.^6 

568.59 

580.32 

692.06 

603.86 

615.66 

627.43 

639.26 

651. U8 

662.93 

674.79 

686.66 

698.56 

710.47 

722.38 

734.32 

746.29 

768.26 

770.24 

782.24 

794.25 

8<i6.28 

818.33 

830.41 

842.48 

864.57 

866.68 

878.81 

890.96 

903.12 

915.30 

927.50 

939.69 

951.92 

964;13 

976.43 



46* 



498.89 
610.65 
622.33 



987.69 
1000.0 
1012.1 



645.73 

557.46 

569.20 

580.94 

592.71 

604.49 

616.30 

628.10 

639.93 

651.77 

663.63 

675.51 

687.39 

699.30 

711.22 

723.16 

735-10 

747.08 

759.06 

771.05 

782.06 

795.09 

807.14 

819.20 

831.29 

843.37 

856.48 

867.60 

879.74 

891.91 

904.07 

916.27 

928.47 

940.69 

962.93 

966vl6 

977.46 



4^ 



ydv 
476.21 
487.85 
499.42 
511.19 
522.88 



594.68 5S5.15 



lOOI.O 
1013.2 



988.73 989.77 



1002.1 
1014.3 



646.31 

656.04 

569.80 

581.66 

593.33 

605.13 

616.95 

628.76 

640.60 

652.46 

664.33 

676.22 

688.12 

700.04 

711.97 

723.91 

736.88 

747.87 

759.86 

77l.8r7 

783.89 

795.93 

807.99 

820.06 

SS'i,// 

844.^6 

856.38 

868.52 

880.67 

892.86 

905.03 

917.23 

929.46 

941.68 

963.94 

966.17 

978.49 

990.81 

J003.1 

1016.3 



47' 



▼ds.* 
476.71 
488.37 
499.95 
511.74 
623.44 



I 



646.8^ 
558.63 
670.40 
582.17 
693.96 
605-77 
617.61 
629.43 
641.28 
663.15 
665.04 
676.94 
688.85 
700.78 
712.72 
724.68 
736.66 
748.67 
760.66 
772.69 
784.72 
796.78 
808.85 
8«0.93 
8S3.05 
845.16 
857.29 
869.44 
851.61 
893.79 
905.99 
918.20 
930.44 
942.69 
954.95 
967.19 
97962 
991.86 
1004.2 
1016.4 



48<» 



^ds. 
477-21 
488.89 
500.47 
612.28 
523.99 
535.71 
547.47 
559.22 
571.00 
582.78 
594.59 
606.41 
618.26 
630.09 
641.96 
653.84 
665.74 
677.65 
689.58 
701.52 
713.47 
725.44 
737.44 
749.46 
761.47 
773.50 
785.55 
797.62 

809.70 
821.80 
833.93 
846.05 
858.19 
!^70.S6 
882.64 
894.74 
906.94 
919.17 
931.42 
943.68 
955-96 
968.21 
980.66 
992.89 
1005.2 
1017.5 



49* 



yds.. 
477.72 
489.41 
600.99 
512^2 
524.54 
536.28 
648.04 
559.81 
571.62 
583.40 
595.22 
607.05 
618.91 
630.76 
642.64 
654-63 
666.44 
678.37 
690.S0 
7Q2.26 
714.23 
726.21 
7^.21 
750.25 



yds. 
478.23 
489.93 
501.52 
613.36 
626.10 
636.84 
648.62 
560.40 
672.22 
584.01 



774.32 
786.37 
798.46 



762.27 763.08 



600 



ycb. 
478.73 
490.45 



695.84 596.47 



607.69 
6)9.56 
631.42 
645.31 
665.22 
667.15 
679.08 
691.03 
703.00 
714.98 
726.97 
738.99 
761.04 



51" 



^ 



Yds. 
479.23 
490.97 



502.05 502.0$ 
513.90 514.44 
525.65 52&S0 
537.41 537.88 
549.20 

560.99 



'i 



572.82 
584.63 



b4m 
561.J8 
573^W 

585.21 til 



608.33 
620.21 
632.09 
643.99 
655.91 
667.85 
679.10 

691.76 
703.74 



i 



620J1C 
632,To 
644.«Jp 

cm 

680.51 
7o4#V 



715.73 mm 

727.74 imf 



775.13 
787.«'1 
799.30 



810.56 811-^1' 
82267 823.53 

834.81 836 69 
846.94 84'7.84 
869.10 860.00 
871.27 872.19 
883.47 884.40 
896.68 896.63 



739.77 
751.83 
763.88 
775,95 
788.04 
800.41 
812.27 



907.89 
920.14 
932.41 
944.68 
956.97 
969.23 
981.58 
993.93 
1006.3 
1018.6 






908.85 
921.11 
933.38 
946.67 
96T.98 
970.25 
982.61 
994.97 
1007.3 
1019.6 



824.40 S% 
836.37 1837.« 

848.73 

860.90 b61i.f 



878.11 
885.33 
897.57 
900.81 



922.08 923.05 
934.37 9S5.» 
94^.671947.66 

958.99 

971.28 ^2"* 
98.^.64 984.61 
996.01 997.05 
jOO8.4J009i 

1080.7 m.n- 



'i 



740JJF 

75e^S 

764.* 

7765r 

78881 



813.1' 



i 



874.08 « 

886.26 ' 

89?.5I 

910." 



VOUTAtfLd BAROMBTRlOAL TABlJESi 



PORTABLE BABOHETBIOAL TABLBi; 



PORTABLB BAEOMBTRIOAL TABLES. 



rf5* 



a 



yds. 
74S 
742 
741 
740 
739 
73fc^ 
737 
736 
735 



Sum ,0f. the Temperatwrn of the Air above the freezing Point, at the I ^ 
two estremitiee of the Column, or th^ values of T -|- ^ tn degrees I ^• 
of FahrenheiVe Thermometer, 



ft 

a 
n 



80P 



734 1 108.4 



733 
732 
731 

730 
729 
728 
727 



726 1206.S 



725 
724 



72i 



7l0 
7|8 
7l7 
716 
715 
714 
713 



1999.75 
10U.6 
1023.6 
1035.7 
1047.7 
1059.8 
1071.9 
1084.1 
1096.e 



21*» 



1120.5 
1132.8 
1144.9 
1157.2 
1169.4 
1181.6 
1 193.9 



1218.5 
1230.9 



^23 1243.2 
722 1255:6 



1268.0 



720 1280.3 



1292.8 
1305.2 
1317.6 
1330.1 
1 312.6 
1.S56.1 
1367.6 



7l2i380.1 



711 

710 
709 
708 
707 



1392.7 
1405.2 
J417.8 
1430.4 
1443.0 



706 1455:6 
705 1468.3 
704 1481.0 
703 M93.7 
702 1506.4 
76l 1519.1 
7001531.9 
099 1544.7 
698 1557.4 
697 1570.2 



yds. 
1000.8 
1012.7 
1024.7 
1036.8 
1048.8 
1060.9 
1073.1 
1085.3 
1097.4 
U09.6 
1181.7 
1134.1 
1146.2 
1 158.5 
1170.7 
1182.9 
1195.2 
1207.5 
1219.8 
1232.2 
1244.5 
1257.0 
1269.4 
1281.7 
1294.2 
1306.6 
1319.0 
1331.5 
1344.0 
1356.6 
1369.1 
1381.6 
1394.2 
1406.7 
1419.3 
I43;S.0 
1444.6 
1457.2 
1469.9 
i482.6 
1495.3 
1508.0 
1620.7 
1533.6 
1546.4 
1559.1 
1571.9 



28« 



ydi. 
1001.9 
1013.8 
1025.8 
1037.9 
1050.0 
1062.1 
1074-2 
1086.5 
1098.6 
1110.8 
1122.9 
1135.3 
1147.4 
1159.7 
1171.9 
1184.2 
1196.5 
1208.8 
1221.2 
1233.6 
1245.9 
12.58.3 
1270.7 

1283.1 

1295.6 

ISOi.O 

1320.5 

1333.0 

1345.5 

1358.0 

1370.6 

1383.1 

1395.7 

1408.3 

1420.9 

1433.5 

1446.1 

1458.8 

1471.5 

1484.2 

1497.0 

1609.7 

1522.4 

1535.2 

1548.0 

1560.8 

1573.6 



23^ 



yUs. 
1003.0 
1014.9 
1026.9 
1039.1 
1051.1 
1063.2 
1075.4 
1087.6 
1099.8 
1112.0 
1124.2 
1136.5 
1148.6 
1161.0 
1173.2 
1185.5 
1197.8 
1210.2 
1222.5 
1234.9 
1247.2 
1259.7 
1272.1 
1284.5 
1297.0 
1309.5 
1321.9 
1334.4 
1346.9 
1359.5 
1372.0 
1384.6 
1397.2 
1409.8 
1422.4 
1435.1 
1447.7 
146U.3 
1473.1 
1485.8 
1498.6 
1511.3 
1524.0 
1536.9 
1549.7 
1562.5 
1575.4 



24* 



ydt. 
1004.1 
1016.0 
1028 
1040.8 
1052.3 
1064.4 
1076.6 
1088.8 
1101.0 
1113.2 
1125.4 
1137.7 
1149.9 
1162.4 
1174.5 
1 186.8 
1199.1 
1211.5 
1223.8 
1236.3 
1248.6 
12^1.0 
1273.5 
1285.9 
1298.4 
1310.9 
1323.3 
1335.9 
1348.4 
1361.0 
1373.5 
1386.1 
1398.7 
1411.3 
1424.0 
1436.6 
1449.3 
1461.9 
1474.7 
1487.4 
1500.2 
1513.0 
1525.7 
1688.5 
1551.4 
1564.2 
1577.0 



25« 



26° 



yds. 

1005.3 

1017.1 

1029.1 

1041.4 

1053.4 

1065.5 

1077.7 

1090.0 

1102.1 

1114.4 

1126.6 

1138.9 

1151.1 

1163.5 

ll'?5.7 

1188.0 

1200.4 

1212.8 

1225.1 

1237.6 

1249.9 

12(52.4 

1274.8 

1287.2 

1299.8 

1312.3 

1324.7 

1337.3 

l.')49.8 

1362.4 

1375.0 

13«7.6 

1400.2 

1412.8 

1425.5 

1438.2 

1450.8 

1463.5 

1476.3 

1489.0 

1501.8 

1514.6 

1527.3 

1540.2 

1553.0 

1565.8 

1^8.7 



yds. 
1006.2 
1018.2 
1080.3 
1042.5 
1055.5 
1066.7 
1078.9 
1091.8 
1103.3 
1115.6 
1127.8 
1140.8 
1152.4 
1164.8 
1177.0 
1189.3 



27'» 



1201.7 

1214.1 

1226.5 

1238.9 

1251.3 

126.3.8 

1276.2 

1288.6 

1301.2 

1313.7 

1326.2 

1338.7 

1351.3 

1363.9 

1376.5 

1389.1 

1401.8 

1414.4 
1427.0 
1439.8 
1452.4 
1465.1 
1477.9 
1490.7 
1503.5 
1516.3 
1529.0 
1541.9 
1554.7 
1567.5 
1580.5 



yds. 
1007.3 
1019.3 
1031.4 
1043.6 
1056.7 
1067.8 
1080.1 
1092.4 
1104.5 
1116.8 
1129.0 
1141.4 
1153.6 
1166.0 
1178.3 
1190.6 
1203.0 
1215.4 
1227 8 
1240.4 
1252.6 
1265.1 
1277.6 
I29IJ.0 
1302.6 
1315.1 
1327.6 
1340.? 
1352.7 
1365.4 
1878.0 
139Q.6 
1403.3 
1415.9 
1428.6 
1441.3 
1454.0 
1466.7 
1479.6 
1492.3 
1505. 1 
1517.9 
15»j0.6 
1643.5 
1556.4 
15()9.2 
1582.2 



9SP 



29^ 



yds. 
1008.4 
1020.4 
1032.5 
1044.7 
1057.8 
1069.0 
1081.3 
1093.5 
1105.7 
11180 
1130.3 
1142.6 
1154.9 
1167.3 
tl 179.6 
1191.9 
1204.3 
1216.8 
1229.1 
1241.6 
1254.0 
1266.5 
1279.0 
1291.4 
1304.0 
1316.6 
1329.0 
1341.6 
1354.2 
1S66.9 
1379.4 
1392.1 
1404.8 
U17.4 
1430.1 
1442.9 
M55.6 
1468.2 
1481.1 
1493.9 
1506.7 
1519.5 
1532.3 
1545.2 
1558.1 
1570.9 
1683.9 



yds. 
1009.5 
1021.5 
1033.6 
1045.8 
1058.9 
1070.1 
1082.4 
1094.7 
1106.9 
1U9.2 
1131.5 
1143.9 
1156.1 

1168.5 

1180.8 

1193.2 

1205.6 

1218.1 

1230.6 

1242.9 

1256.3 

1267.8 

1280.3 

1292.8 

1305.4 

1318.0 

1330.5 

1343.1 

1355.6 

1368.3 

1380.9 

1393.6 

1406.3 

141Q.0 

1431.7 

1444.4 

1457.1 

1469.8 

1482.7 

1495.5 

1508.4 

1521.2 

1533.9 

1546.8 

1559.7 

1572.6 

1585.6 



S0» 



yds. 
1010.6 
1022.6 
1034.7 

1046.9 
1059.1 

1071.3 

1083.6 

1095.9 

1108.1 

1120.4 

1132.7 

1145.1 

H57.4 

ll6d.8 

1182.1 

1 194.6 11. 

11206.9 

1219.4 

1231,8 

1244.3 

1256.7 

1269.2 

1281.7 

1294.2 

1306.8 

1319.4 

1331.9 

1344.6 

1357,1 

1369.S 
1.382.4 
1395.1 

1407.8 

1420.5 

1 433.2 

1446.0 

1458.7 

I47I.4 

I484.3 

I497.I 

I5IO.O 

I522.8 

I535.6 

1 518.5 

I56I.4 

I574.3 

l5fa7.3 



1 



13 



yds. 

1. 

1.10 

1.1 

1.1 

1.1 

1. 

1.17 

1.1 

1.1 

1.3 

1. 

1.2 

1.2 

1.2( 



291 

1.8( 

1.3i 

l.Si 

I34I 

l.Si 

1. _. 

I.37I 
1 

1.4i 

1.45 

1.4^ 
1 

1^4. 

1.47 

*.l8 

1.6C 

1.51 

1.63 

1.54 

1.56 

1.57 

1.58 

1.60 

1.61 

1.6^ 

1.64 

1.65 

1.^6 

1.67 

1.60 

li7l 



rOKTABl<S BAmOMBTBICAI* TA«I«Efl< 



9^ 






p 



^ Fakremkeit^M Tk tiwmmgU r. 



or lA0«d«f 



3f 



3i* 



t43 1011.7 
741 iO«.7 
741 1«36« 
74« 1048.0 
l39 lOtfO.f 
938 lOTf .4 
737 1084.8 
USD 1097^.1 
W5 t|09^ 
7N tlSl.6 
7^ 1133,9 
752 1146.3 
791 115B,61 
7t)0 11714) 
rw 1183.4 
7S8 1195.8 
797 iS08.S 
796 1220.7 
71S5 1233.1 
724 1245.6 
7!29 1258.01 
722 1270U5 
721 1283.1 
720 1295.6 
719 1308.2 
718 1320.8 
717 1333.3 
71^ 1345.9 

Ifih 1358.6 
7-14 1371.3 
713 1383.9 
7^2 1396.6 
711 1409.3 
710 1422.0 
709 1434.7 
708 1447 JS 
707 1460.3 
706 1473.0 
705 1485.9 
704 1498.7 
703 1511.6 
n% 1524.4 
701 1537.2 
700 1550.2 
699 1563.1 
698 1576.0 
69711589.0 



yds. 
012.8 
024.8 
036^ 
049.2 
061.5 
073.6 
1085.9 
098.3 
110.5 
122.8 
135.1 
147.6 
159.9 
172.3 
184.6 
197.1 

209.5 
222.0 
234.4 
247.0 
259.4 
271 19 
2845 
297.0 
.309.6 
322.2 
1334.8 
347.4 

i36ao 

372.7 
385.4 

398.1 
410.8 
423.6 
,436.3 
449.1 
461.8 
474.6 
487.6 
500.3 
513.2 
526.1 
538.9 
551.8 
564.8 
577.7 
590.7 



33* 



yds. 
1015.9 

1025.9 
1038.06 
1050^ 

1074.7 
1087.1 
1099.4 
1111.7 
1124.0 
11364 
1148.8 
1161.1 
1173Ji 
1185.9 
1198.3 
1210.8 
1223.3 
1235.8 
1248.3 
1260.7 
1273.3 
1285.8 
1298.4 
1311.0 
1323.7 
1336.2 
1348.8 
1361.5 
I374.!g 

1386.9 
1399.6 
1412.3 
1425.1 
1437 8 
1450.6 
1463.4 
1476.1 
1489.1 
1501. 9 
1514.8 
1527,7 
1540.5 
1563:5 
1566.4 
1679,4 
1592.4 



34* »• 



1015.01 
10S7.0 
1099.18 
1051.4 

1063.7 

107.^.9 

1088.2 

1100.6 

1112.9 

1125.2 

1137.6 

1150.0 

1163.4 

11T4.8 

1187.2 

11P9.6 

121 2.1 

1224.6 

12.57.1 

1249.7 

1262.1 

1274.6 

1287.2 

12998 

1312.4 

1325.1 

1337.7 

1350.3 

1362.9 

1375.7 

1388.4 

1401.1 

1413.8 

1426.6 

1439.4 

1452.2 

1465.0 

1477.7 

1490.7 

1503.5 

1516.5 

15S9.4 

15422 

1555.2 

1568.1 

1581.1 

1594.1 



s^ : 37* 



j4s. 

1016.1 
1028.1 
lOtOJO 
1052.5 
1064.8 
1077.0 
1089^4 
1101.8 
1114^0 
1126.4 
1138.8 
1151.2 
1163.6 
1176.0 
1188.4 
1200.9. 
1213.4 
1225.9 
1238.4 
1254.0 

1263.4 
1276.0 

1288.6 
1301.2 

1314.8 

1326.5, 

1S39.I 

1351.7 

1364^ 

1377.1 

13898 

1402.6 

141.5.3 
1428.1 
1440.9 
1453.7 
1466.5 
1479.3 
1492.2 
1505.1 
15l8:i 
1531.0 
1543.8 
1556.8 
1569.8 
1582.8 
15958 



yds. yds. 
lOir.li 1018.2 
1029.2] 1030.3 
M41.4SJ l»tf .54 
105S.7 1054^ 



1065^9 

1078.2 

1090.6 

1103.0 

1115.2) 

1127.7 

1140.0i 

1152.5 

1164.8 

1177.3 

1189.7 

1202.2 

1214.7 

1227.3 

1239.7 

1252.3 

1264.8 

1277.4 

1290.0 

1302.6 

1.S16.3 

1327.9 

1340 5 

1353.2 

1365.9 

1378.6 

1391.3 

1404.1 

1416-9 

1429.7 

1442.4 

1455.3 

1468.1 

1480.9 

1493.8 

1506.8 

15197 

1532.6 

1545.5 

1558.5 

1571.5 

1584.6 

1597.6 



38» 



1067.1 
1079.5 
1091.7 
1104.2 
1116.4 
1128«9 
1141.2 
1158.7 
1166.1 
117a5 
1191.0 
120S.5 
1216.0 

1228.6 
1241.0 
1258.7 
1266.1 
1278.7 
1291.4 
1304.0 
1317.7 
1329.3 
1342.0 
I354.6 

1380.1 
1392.8 
140.5.6 
1118.4 
1431.2 
1444.0 
1456.8 
1469.7 
1482.5 
1495.4 
1508.4 
1521.3 
1534.3 
1547.1 
1.560.2 
1573.2 
1586.2 
45d9.3l 



J*. 
1019 3 
1031.4 

IOISJO8 

1055.9 

1068.2 

1080.5 

1092.9 

1105.3 

1117.6 

1130.1 

1142J!> 

1154.9 

1167.3 

1179.8 

1192.3 

1204.7 

1217.3 

1229 9 

1242.4 

1255.0 

1267.5 

1280.1 

1292.7 

1305.4 

1819.1 

1330.8 

134S.4 

1356.1 

I368.8, 

1S81.6 

1S94.3 

1407.1 

141^.9 

1432.7 

I445.5 

1458 4 

1471.3 

1484.0 

1497.0 

1510.0 

1523.0 

1535.9 

1548.8 

1561.9 

1574.8 

1587.9 

1601.0 



^T 



40" 



«' 



yds. y*. 
1O90.4 102^1011.6 
10323 1QS3.C 1094.7 
10M.T8 lttf.90 1O47.0 

1097.1 1058.9 1059J 

1069.4 1070.5 m.6 

1081.6 1082.8 1&I40 
1094.0 1O95.S1096.4 

1106.5 llOr.7 1108.9 
1118.8 112001121.) 
1131.8 1132.51155^7 

1143.7 1144.91146.1 

1156.2 1157.4 n5&6 

1168.6 116981171.1 
1181.0 11D2J 1183.6 
ll93Ji 1494.81196.1 

1206.0 1207.8 1208.4 

1218.6 1219.9 mi.2 
1931.2 1252.51233.8 

1243.7 1245.0 1246.5 
1S56.4 1257.7 lJ59fi 

1268.8 1270.2 im'6 

1281.4 12828 1S84-S 

1294.1 1295.5 1SM9 

1306.8 1908.213096 

1320.5 1321.9 13J?S 

1332.2 J353.6 1S35 

1344.9 1346^3 1347'7 

1357.5 1359.013605 
l^Q.t 1371.7 lS73i 

1383.0 1384.6 ISSfi'O 

1395.8 1397.31398-8 

1408.6 1410.1 Ull'fi 
1421.4 1422.9 1424-4 

1434.3 1*35 81437-5 

1447.1 1448.614502 

1459.9 1461.5 UfiS-l 
1472.8 14744 UTfiO 
1485.6 I4«r.2l48«'^ 
1498.6 1500.2 1501-; 
1511.6 1513.21514-8 
1524.6 1526.2 J527.8 



1537.6 
1550.4 
1563.5 
1576.5 
1589.6 



1559.2 1540-8 
1552.1 1553-J 
1565.21566-2 
I578J 1579-9 
1591.5 159«-0 



\St»SkA\^^if»^ 



W 
IJ: 
U 

t:; 

u 

li 

Ui 

\i 
li 

\i 
li 
IJ 

1.S 

1.3 
1.1 

H 

L^ 

'-' 
15 

\ 

\X 

1« 



\^ 
l.« 
l.f 
]i 
1.^' 
1^1 

1^ 
lii 

];: 

li 
1.5i 
l.«: 
!.« 

1B< 

1.K 
,■5 

1.711 



or 



ar 

a 

SI 

3 1 



PORTABLB BABOMETAICAL TABtBft* 



S 



5»m o/' i^Ae Temperatures of the Air above the freezing Pomi at the 
two extremities of the Column^ or the values of 7+ t ni dsgrees 
of Fahrenheit's Thermometer* 



yds. 



7?7 



4S» 



yds. 



743 1083.7 
1035.8 
I04>J.| 
1060.4 



749 
741 
740 
739 
738 1085.1 



4S» 



yds. 
1024.8 
1038.9 
1049.2 
1061.6 



-r— 



44» 



1072.7 1073.9 



1097.6 



73^1110.1 



73a 

734, 



i 122.4 
1134.9 



1086.3 
1098.7 



1111.2 1112.4 



733 1147.3 
732 1159.8 
I 731 1172.3 
730 1184.8 
7291197.4 
72fi 1209.9 
727 1222.5 
726 1235.1 
725 1247.6 
724 1260.3 
723 1272.9 
72^12^5.6 



1123.6 
1 136.1 
1148.5 
1161.1 
1173.6 



yds. 
1025.8 
1038.0 
1050.4 
1062.7 
1075.0 

1(874 
1099.9 



45P 



1124.8 
1137.3 
1149.8 
1162.3 
1174.8 



yds. 
1036.9 
1039.1 
1051.5 
1063.8 
W6.2 
I088.r> 
llOi.O 
1113.6 



46^ 



yds. 

1028.0 
1040.2 
1052.6 
1064.9 



410 



yds. 
1029.1 
1041.3 
1053.7 
1066.2 



48f» I 40<' 



1077.311078.4 
1089.7 



y»ls. 
1030.2 
1042.4 
1054.8 
1067.2 
1070.6 



yds. 
1031.2 



60» 



yds. 
1032.3 



1186.1 11187.3 
1198.6 



IIOS^.2 
1114.7 



1126.0 1127.1 
1138.5 1139.7 



1151.0 
1163.5 
1176.1 
1188.6 



1211.2 
1223.8 
1236.4 
1249.0 
1261.7 
1274.3 
1286.9 

721 1298.3 1299.6 

7201311.0 

710 13j23.7 
7 IB 1336.4 
717 1349.1 
716 1361.9 
71S 1374.7 
714 1387.5 
7131400.3 
7121413.1 
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536.3 

5t9.7 

563.1 

576.5 

589.9 

603.3 

616.8 

630.2 

643.8 



7|^a 



, yds. 

1056,8 

1068.6 

1081.5 

1094.3 

1107.0 

1119.7 

1132.5 

1145.3 

1158.1 

1171.0 

1183.9 

1196.8 

1209.6 

1882.5 

1235.4 

1848.4 

1261.4 

1274.4 

12b7.5 

1300.6 

1313.4 

1386.5 

1339.6 

1352.7 

1365.8 

1379.0 

1392.1 

'l405.^i 

1418.4 

1431.6 

1444.9 

1458.1 

1471.4 

1484.7 

1498.0 

1511.3 

1684.6 

1537.9 

1551.3 

1564.7 

137W.2 

1591.6 

1604.9 

1618.4 

1631.9 

1645.5 



73o 



657.3^ 1659.0 



yds. 
1057.3 
1069.7 
1082.6 
1095.4 
1108.1 
1120.9 
1138.7 
1146.5 
1159.3 
1178.8 
lli?5.1 
1198.0 
1810.9 
1283.8 
1236;7 
1849.7 
1868.7 
1875.7 
1888.8 



74^ 



yds. 
1058.4 
1070.8 
i083.7 
1096.5 
1109.8 
1188.1 
U34.9 
U47.7 
(160.5 
1173.4 
1186.3 



rda. 

.08 
11.09 
1.10 
^.13 
1.14 
K15 

*a6 

1.17 
i.l9 
i.20 
i;88 



! 



U99.3 1.23 
I2l2.i 1^24 



(225.1 
1838.0 
1251.0 
1264.0 
i«77.0 
I29>.1 



1301.0 1303^ 



1314.8 
1327.9 
1341.0 
1354.1 
1367.8 
1380.4 
1393.5 
1406.6 
1419.9 
1433.1 
1446.4 
1459.6 



1.316.8 
1389.3 
1348.4 
1355.5 
1368.6 
1381 .}1 
1394:9 
1408.1 

1481.4 
1434.6 
1447.9 
1461.1 



1478.9 1474.4 

1486.2 1487.7 

1499.5 ii50l.o 
I5I2.9 i5i4.4 
1526.8 '1587.3 
1539.5 '1541.1 
1552.9 1554.5 

1566.3 1567.9 
1579.8 1581.4 
15^3.2 |i594.8 

1606.6 160>j.3 
16i0.1 1621.8 



1633.6 1635.3 1.63 



1647.2 1648.9 



1 660.7 i66S.4li.71» 



1.25 

1.261 

1.87 

1.29 

1,31 

1.33 

1.34 

1,35 

1.37 

1.38 

1.S9I 

1,40 

1.42 

1.43 

1.44 

1.46 

147 

1,49 

1.50 

1,58 

1.53 

1,54 

1.55 

1.56i 

1.58 

1.59 

1.61 

1.63 

1.64 

1.65 

1.6^ 



1.69 



Mxc'i • ' »• I map, 11 ■*. iJlm' 



scs 



r^ftTABLB BAROMBTBICAL TABLES* 




Sum of the TempermiMret of the Air oto^e the frtesk^ Pmf ft 
the two oftremitieM of the Cohum, or the talme ef T+( i% 
degrteo of FahreMheit*$ Thermemeter. 



K «P I «P 



I 






ydfl. ydi. 
691 IdSSJ 
695 1695.9 
694 1608.7 
699 1621.7 
69f 1634.5 
691 1647.4 
690 166t).4 
6B9 1673.3 
689 1686.3 
68> 1699.3 
686 171 22.3 
685 1725.3 
684 1738.4 
683 1751.4 
682 1764.5 
681 l777 6 
680 \790.7 
'679 1803,9 
678 1817.0 
677 1830.2 
676 ld43.4 
675 1856.6 

674 1869.9 

675 1883.1 
672 1896.4 
671 1909.8 
670 1923.1 
669 1936.4 
668 1949.7 
667 1963.1 
666 >976.5 
^5 1989.8 

664 2003.4 
663 2016.8 
662 2030^ 
661 S043.8 
660 2057.3 
659 2070 9 
658 2084.4 
657 2093.0 
656 2111.6 

665 2125.2 
654 2138.9 
653 2152.^ 
i652 2166.2 
65j 2179.9 
65*^' 193.7 



yds. 
1584.8 
1597.6 
1610.4 
1623.5 
1636.3 
1649.2 
1662.2 
16?5.l 
1688.1 
1701.1 

1714.2 
1727.2 
1740.3 
1753.3 
1766.4 
1779.5 
179^.6 
1805.9 
18190 
1832.2 
1845.4 
18.58.6 
1871.9 
1885.1 
1898.5 
19^^^ 

1925^ 
1938,5 
1951.8 
1965.2 
1978^ 
1992.0 
2005.6 
2019.0 
2032.5 
2046.0 

2059.5 
2073.1 
2086.7 
21003 
211S.9 
2127.5 
2141.2 
V154.8 
2168*6 
2182.3 
2196.1 



» 



far 



yds. 

5864 

599.4 

612.2 

6252 

638.1 

651.0 

664.0 

676.9 

689.9 

703.0 

716;0 

729.0 

742.2 

7552 

768.3 

781.5 

794.6 

807.8 

821.0 

834.2 

847.4 

860.6 

873.9 

887.2 

900.5 

91S.9 

927.3 

940.6 

953.9 

967.4, 

980.8 

994.1 

2007.8 

2021.2 

2034.7 

2048.2 

2061.8 

2075.4 

2088.9 

7102.6 

2116.2 

2129.8 

2143 5 

2157 2 

2170.9 

2184.6 

2198.5 



2*» 



yds. 
1588.2 
1601.1 
1613.9 
1627.0 
r 639.8 
16.52.8 
1665.8 
1679.8 
1691.8 
1704.8 
1717.9 
1730.9 
1744 1 
1737.1 
1770.3 
1783.4 
1796.5 
1809.8 
1822.9 
1836 2 
1849*4 
18627 
1876.0 
1889.2 
190C.6 
I9l6.b 
1929.3 
1942.7: 
19.56.1 
1969*5 
1982.9 
1996.3 
2010.0 
2023.4 
2036.9 
2050.:) 
2064.0 
2077.6 
2091.2 
2104.8 
2118.5 
2132.1 
2145.9 
S{159.5 
2173.3 
2187.0 
2200.1 



2if 



yds. 
1990.0 
1602.9 
1615 7 
1628.7 
1641.6 
1654.6 
1667.6 
1680.6 
1693 6 
1706.7 
1719.7 
1732.8 
1746.0 
1759.0. 
1772.2 
1765.3 
1798.5 
1811.7 
1824.9 
183^2 
1851.4 
1864.7 
1878.0 
1891.3 
1904.6 
1918.1 
1931.4 
1944.8 
1958.1 
1971.6 
1985.1 
1998.5 
2012.2 
90^5»6 
2039.1 
2052.7 
2066.$ 
2079.9 
2093.5 
21074 
2J20.8 
2134.4 
2148.2 
2161.9 
2175.6 
2189.4 
2203.2 



9^ 



yds. 

1591.7 
1604.6 

16174 
1630.5 

J643.4 
1656.4 
1669.4 
1682.4 
1695.4 
I70a5 
1721.6 
1734.6 
1747.8 
1760.9 
1774.1 
1787.2 
1800.4 
1813.7 
1826.9 
1840.1 
1853.4 
1866.7 
1880.0 
1 893.3 
1906.7 
1920.1 

1933.5 
I94d.9 
1960.3 
1973.7 
I987.g 
2000.6 
2014.4 
2d27.7 
2041.3 
2054-9 
2068.5 
2082.1 
2095.7 
2109^4 
2123.1 
2136.7 
2150.5 
216(4.2 
2178^ 
2192.7 
^205.6 



fr» I 28? 



yds. yds 
1593.4 1595.1 
1606^311608.1 
1619,2 11620.9 
1632.3 1634.0 



1645.2 

1658.1 

1671.2 

1684.2 

1697.3 

1710.4 

1723.5 

1736.5 

1749.7 

1762.8 

1776.0 

1789.2 

1802.4 

181.5.7 

1828.9 

1842.1 

1855.5 

1868.7 

1882.1 

1895,4 

1908.8 

1922,2 

19iS5.6 

1 949^0 

1962.4 

1975.9 

1989.4 

2<K)2.8 

20)6.5 

2029.9 

2043.6 

2057.1 

2070.7 

2084.4 

2098.0 

2111,7 

2125.4 

2139.1 

2152.8 

2166.5 

2180.4 

2l9f.l 

2208.0 



1647.0 
1659.9 
161 .S.0 
1686.0 
1699.1 

17122 
1725.3 
1738.4 
1751.6 
1764.8 
1777.9 

ndi.i 

1804.3 
1817.6 
1820.9 
1844.2 
1857.5 
1870.7 

1884.1 
1897.4 
1910.8 
1924.3 
1937.7 

J951.1 
1964.5 
1978.0 
1991.5 
2005.0 
2018,7 

2032.1 
2045.8 
20.59.3 
2073.0 
20b6.6 
2100.3 
2114.0 
2127.7 
2141.4 
2155.1 
2168.9 
2182.7 
2196.5 
2210.4 



29» I Vfi 



yds. 
1596.1 
1609.8 
1622.7 
1635.6 
1648.7 
1661.7 
1674.8 
1687.9 
1700.9 
1714.1 
1727J2 
1740.3 
1753.5 
1766.7 
1779.9 
1793.0 
1806.3 > 



yds. 
1598.6 
1611.6 
1624.4 
1637.5 
1650.5 

1663.0 
16^76.6 
1689.7 
1702.8 

ni5.9 

1729.0 



I6OO4.:! 
1615.S 

m.i 

1639J 
1658^ 



I6T84[^ 
l69U>^ 
l70Ml.vi 



i.r« 



1819.6 

1832.6 

1846.1' 

1859.5 

1872.8 

1886.1 

1899.5 

1912.9 

1926.4 

1939.7 

1953.2 

1966.7 

1980.1 

1993.7 

2007.2 

2020.9 

2034.3 

2O48U) 

2061.6 



1742.1 l7**<"'^ 
1755.4 lWiU< 

1768.6 I770jl.«l 

1781.8 l78&nA 

1795.0 l79fi-« 1^1 

1808.2 tWH 



5 1 



1821.5 l82Si 
1834.8 l836'8 
1848.1 \^'^^ 
1861.5 186J . 
1W4.8 I87W 
fe88.2 1890.^ 

1901.5 \mif 

1928.4 I9»^j- 
1941.8 I945.ni 

1555.3 I95T.J I 
1968.8 »970.9 

2009,3 201 Pj 

2023.1 ««? 

gOS6.5^. , 

8050.« 805!* 
2063.8 «?gf 



207t.4 



2075.2., , 
2088.9*8091.1 

2102.6 2104»8 
2116.2 2118.5 
21 30i0 2132.3 

2143.7 2146.0 
2157.5 2139»8 
2171.2 13173.6 •;- .l 
2185.1 2187.4^ JiS-%; 
2198.9 «01.«Mt 
l99lg.l 2215.1 fi!i' 



2079.7 2- 
209S.4^ 

2107,1 i 
2120.8 1 
2l34.fi ^; 
2148^ ^• 
2162.1 i-, 
2175.9'^ 



»•■., ' .•• 



POntABXlE ^Att6MfiTillCA'LTABt*«i' 



f . ••* c • <• * 



* EC 

xi' 

; =»■ 
^» 

f:: 

ar 

so 






yd* 

696 
695 
69'4 
693 
692 
691 



' *' •♦»• f-k 



riH 



Sum of the Temperatures of the Air above the freezing Point, alike 
tvH> extremities of the Column^ or the valuts ofT + t in degrees 
of F{ihrenheiVs Thermometer. . . 



3V 



"yds. 

I60f.0 

1&15.0 

1641.1 
1654.1 
1667.1 



69U 1680.S 



689 
688 
687 
686 
68^ 
684 



1693.3 
1706.4 
1719 6 
1738.8 
1745.9 
1759,2 



32*^ 



683 177i.4 



68^ 
681 
6iO 
679 
67iB 
677 



17is5.6 

1798.8 

lais.i 

lh^.5 
1838.8 



676 1665.5 
675 lfcT8.8 
. 674 >89S.2 
673 1905.6. 
672 I9il9^ 
671 1932.6 
670 1946.0. 
669 1959.5 
0^ 1972.0 
667 1986.5 
6&6|2U00a 

665 
664 
6G3 




2013.7. 
2027.4 
2Q40.9 
662 2054.6 
661 2068.2 
660 2081.9 
659 209^.6 
658 210M 
657 ^123.1 
656 2186.9 
2150.6 
2164.4 
21.78-2 
2W.1 
3206.0 



yd«. 
1603.7 
16>6.8 
1629.7 
1642.8 
1655.8 
16^.9 
1682.0 
1695.1 
1708.3 
1721.5 
1734.6 
1747.7 
1761.1 
1774.3 
1787.5 
1790;8 
18U.1 
1827.4 
1840.7 
1851.1 
1867.5 
1880.» 
1894.3 
1907.7 
1921.1 
1934.6 

1948. 1 
1961.6 
1975.2 
1988.7 
2002.3 
2015.8 
2029.5 
2043.1 
2056.8 
2070.5 
2084.2 
2097.9 
21*11.6 
2i25.4 
2139.2 
2153.0 
2166.7 
2180.6 
2194.5 
2208.3 



3S< 



24|M:W2M 



yds. 
1605..^ 
1618.5 
1631.4 
1044.6 
1657.6 
1670.7 
1683.^ 
1696.9 
1710.1 
1723.3 
1736.5 
1749.6 
1762.9 
1776.2 
1789.5 
1792.7 
1816.0 
1829.4 
1842.7 
1856.1 
1869.5 
1882.9 
1896.3 
1909.7 
1923.2 
1936.7 
1950.2 
1963:7 
1977.3 
1990.8 
^004.4 
2018.0 

2031.1 
2045.3 
3059.0 
2072.7 
2036.4 
2i00.1 
2il3.9 
2127.6 
2141.5 
215^.2 
2169.1 
2^82.9 
2196.8 
2210.7 
42984.7 



340 



•yds. 
1607.2 
I62().2 
11633.2 
1646.3 
1659.4 
1672.5 
1685.6 
169S.8 
171 1.9 
1725.2 
1738.8 
1751.5 
1764.8 
1778.1 
1791.4 
1794.6 
1818.0 
1831.3 
1844.7 
185^.1 
18471.5 
1884^9 
1898.4 
1911.8 
1925.2 
1938.8 
1952.3 
1965.8 
19794 
1993.0 
3006.6 
2020.1 
2033.9 
2047.5 
2061.2 
2074.9 
2t'88.7 
2102.4 
2116.1 
2129.9 
3143.8 
2158.5 
2171.4 
21*85.3 
2199.2 
«13.1 
42827.1 



: 35c 



. se*' 



■ yds. 

1608.9 

1621.9 

1634.9 

1648.1 

1661.1 ] 

1674.2 
1687.4 
1700.6 
1713.8 
1727.0 
I74a2 
1753.3 
IT66.7 
1780.0 
1793.3 
1796.5 
1819.9 
1833.3 
1846.6 
186iC5.0 
1673.5. 
lFa$.9 
1900.4 
1913.8 
1927.3 



1954.3 
1967,9 
1981.5 
1995.1 
2008.7 
2022.3 
2036.0 
2049.7 
2063.4 
2077.1 
2090.9 
2104.6 
21 18.4 
2132.2 
2146.0 
2159.8 
2173.7 
2187.6 
2201.5 
8215.4 
2229.4 



yds. 
1610.6 
1623.7 
1636.7 
1649.9 
1662.9 
1676.0 
1689.3 
1702.4 
1715.6 
1728.9 
1742.1 
1755.2 
176S.6 
1781.9 
1795.2 
1798.5 
1821.9 
lb35.3 
1848.6 
1 865^.0 
1875.^ 
IS88.9 
1902.4 
1915.9 
1929.4 



37. 



38* 



1940.8 1&42.9 



1956.4 
1970.1 
i9?>;5.7 
1997.2 
2010.8 
2024.5 
^2038.2 
2031.9 
2(r65.7 
1^079.4 
2093.1 
2106.9 
2120.7 
2134,5 
2148.*:? 
2162.2 
217ti.O 
2189.9 
2203.9 
2217.8 
2531.8 



yds. 

1612.3 

1625.4 

1638.4 

1651.6 

1664.7 

1677.8 

1691.1 

1704.2 

1717.5 

1730.7 

1^^43.9 

1757.1 

1770.5 

1783.8 

1797.1 

1800.4 

1823.8 

1837.2 

I85(y.6 

1864.0 

1877.5 

1890.9 

1904.6 

1917.9 

1931.4 
1945.0 
I998.i 
1972.2 
1985.8 
1999.4 
2012.9 
2026.6 
2040.4 
2('54.1 
2067.9 
2081.6 
2095.4 
2109.1 
2122,9 
2130.8 
2150.6 
2164.5 
2178.3 
2193.3 
2206.2 
2220.2 
^234.2 



yds. 

1614.1 
1627.1 
1640.2 
lft53.4 
1666.5 
1679.6 
1692.9 
1706.1 
1719.3 
1732.6 
1745.8 
1759.0 
1772.3 
1785.7 
1799.1 

1802.3 
1825.M 
lfe9;2 
1852.6 
1886.0 
1879.5 
1893.0 
1906.5 
1920.0 
1933.5 
1947.1 



39» I 4&> 



1960.6 i 962.7 



1974.4' 
1987.9 
2001.5 
20»5.i 

2028.8 
2042.6 
2056.3 
2070.1 
2083.8 
2097.6 
2111.4 
21252. 
2I39.Q 
2152.9 
|2166.8 
121-10.7 
I2194.6 
2-208.6 
2222.6 



yds. 
IB15.8 
162S.9 
1641.9 
(655.1 
1668.2 
1681.4 
1694,7 
1707.9 
1 751.2 
1734.4 
1747.6 
1760.8 
1774.2 
1787.6 
1801.0 
1804.3 
1827.7 
1^41.1 
I854.5 
186H.0 
1881.5 
1695.0 
1908.6 
1922.0 
193.5.5 
1949.1 



yds. 
1617.5 
1630.^ 
1643.7 
1656.9 
IWO.O 
1683.2 
1696.5 



4P i t 



yds. 
1619.2 
11632-3 
1645.4 
1658.7 
1671.8 
t685.0 
_ . i 698.3 
1709.7^1711.5 



1.7»l 



telfl.6 



1723.0 

1736.3 

174^.5 

1762.7 

1776.1 

1789.6 

1802.9 

1806.2 

1829.7 

I84i3:i 

1856.6 

1870.0 

(88.3.5 

1807.0 

I9t0.6 

1924.1 

1937.6 

1951.2 

1964.8 

19785 

1992.2 

2005.8 

2019.4 

2033.1 

2046.9 

2060.7 

2074.5 

2088.3 

2K)2.i 

211.5.9 

2129.7 

2143.6 

2157.6 

2171.4 

2185.3 

2199.3 

2213.3 



1724.8 
1738.1 
1751.4 
1764.6 
1778.0 
1791.4 
1804.8 
1 8*8.2 



1831.6 l.«6 



1.1 
1 

1.' 
1.81'P 

1.82 

1.84 

1.85 

1.86| 

1.87 

l-88{ 

1:90 

93 



I: 



1^76.4 
1990,1 

2003.7 

2017.2 

2030.9 

2044.7 

2058.5 

2072.3 

2036.1 

2099.9 

2113.6 

2i27.4 

^141.3 

2155.2 

2169.1 

2183.0 

2197.0 

2210.9 

2224.9 12227.3 

2239.0 2241.4 

" mmmm 



1845.1 

1858.5 

1872.0 

1885.51 

1899.0 

1912.6 

1926.2 

1939.7 

1953.3 

1966.9 



1. 96 1 

1:9? 

L99 

2.00 

2.09 

2.04 

t05 

2.06 

2.07 

2.09 



1980.6 2.11 



1994.3 

2OO7.9 



2.13 
1^.14 



2021.6 2.15 



2035.3 
2049.1 
2062.9 
2076.7 



2.16 
2.17 
2:20 
2.24 



2090;5 2.23 



2104:3 
2H8.1 



2182.0 2.29 



2145.9 
2159.8 

2173.7 
2187.6 



8.24 



2.28 
.29 

.32 



2201.66.34 
3215'.7p.S5 
2229: 7 ft J7 
2243.8k.39 



«iUTAfU fABOHBf BICAI. t ABLBf ; 



w 



Stm 0f ik Ttmperatvre$ of tht AkrMtmethe freezing. P§h^ at the 
two estireaUiies of the Column, or the valueM of T+tiM digrta 
of Fakrenheit's Thermometer^ 



T ' 



At" 



^0OA6fM 

1105 1684.0 
6M 1647.1 
6tSI660J> 
69S 1679.6 
e9)P686^ 
700.1 
71&S 
.726.6 
168711799.9 
.7&8.8 
665|l766.5 
1779.9 
709.9 
806.7 
68l|l8Sai 
998.5 
.69911847.1 
8^.5 
874.0 
887 J» 
I19QI.0 

1914.6 
9S8.9 
94L7 
67dl9&5.4 
67(]l 969.0 

988.7 
996.4 
>IP,0 
>a9-7 
)37.5 
051.9 
^065.1 

mA 
!106.& 
a9D.9 
S194.9 



49» 



m 



vds. 
115^.6 
1696.8 
1646.9 
1662.S 
1675.4 
1688.6 
1701.9 
1715.1 
17«a.d 
1741.8 
1755.1 
1768.8 
1781.8 
1795.2 

iao6.6 

1822.1 
1895.5 

1840.0 

1869.4 

1876.01 

18803 

1908.0 

1916.7 

|990^ 

1949.^ 

19217^1 

1971.1 

I WAS 

199^ 

2012.2 

2025.9 

S099.6 

«059.4 

S067.3 

^b81.1 

2%.9 

2l08Jj 

2l^6Ji 



44'' 



1624.4 
J 637.5 
1650.6 
1664.0 
1677.1 
1690.4 
J 703.7 
1717.0 



45' 



1626.1 
1690.9 
1652.4 
16657 
1678*9 
1692.2 
1705.5 
1718.8 



1730.9 !l7S24 
1749.6 1745.5 



ei 



146.22150.5 
U6^.1 2164.4 
f)76'0|2lf8.9 



lb9.9 
).9 

J18.0 
\.\ 

i46.!6l 



Iiil98.9 
5^206.0 
2220.4 
22^.4 
2248.6 



I75t.O 

1770.2 

1783.7 

1797.1 

1810.6 

1824U> 

1887^ 

1851.0 

18d4.4 

1878.0 

18giJ» 

1905a 

1918.7 

1992.9 

1945.8 

19503 

197342 

1986.9 

d0o().6 

2014.9 

2008.0 

204L8 

20i$5.6 

2069.5 

2089.9 

2097.2 

21U.0 

2124.8 

219^.8 

2152.7 

2166.7 

^180.6 

t220JpL6 



i'7^.8: 

1772.1 
1785^ 
170fi^.O 
I8il23 
1926.0 
1899.4 
1052.0 
1666.4 

lasao 

18993 
1007.1 
1920.7 
1994.4 
1947.0 
1961.6 
1075.9 
1989.0 
2002.7 
2016.4 
2090.2 
2049.0 
2057.b 
207.1.7 
20^53 



46° 



16273 
16iI.O 
1654.1 
161673 
1680.7 
1604.0 
17073 
172a6 
1799.0 
17473 
1960.7 
1^74.0 
17b73 
1800.0 
18144 
1827.9 
18413 
1854.0 



47* 



yds. 
16203 
1642.7 
1655.9 
16603 
16823 
1695.8- 
1709.2 
1722.4: 
17353 
1749.2; 
1762.6 
1775.9; 
1789.4 
1'8Q2.9 



48» 



yili. 
1691.2 
16443 
1657.6 
1671.0 
16R4.9 
1697.6 

iTii,a 

1724,2 
1797.6! 
1751.0 
1764.4 
1777.7: 

i!ioi3: 

18043 



49" 



iar63r8i8;2 



1829.8 
1849.4 



1868.9 18703 



1881.0 
1806.5 
1000.1 
1022.7 
1036.4 
19S40.9 
1089.6 



1901.1 
2O04.8 
20183 
20923 
2046.1 
2059.0 
«073.8 
2WI7.7 



209Si.4^1O1.6 



2119.9 
2127.1 



2155.0 
2169.0 
21S2.0 
2196.9 
2210.9 
2225.1 
229V.1 
2t53,3 



1S56.0^ 1858.8 



1889.0 
18073 
ISUI.l 
1024.8 
10383 
1952.0 
1065.7. 



1077.9 1070.4 



r891.8 
1845.2 



21153 
21203 



2141.0 21493 2145.6 



2J57.^ 
2171.9 
2185.2 
2100.2 
2219.9 
2227.4 
42241.5 
«255.7 



1999.2 

2006.9 

2020.7 

2034.6 

2048.3 

2062.1 

2076.0 

^^89.9 
2109.8 
21 17.7 
2191.6 



18723 

188^.9 

18093 

1019,1 

19263 

10403 

1054.0 

1067.8 

19813 

19953 

2009.1, 

2022.8 

2096.6 

2060.4 

2064:9 

2078.2 

2092,1 

21Q6.0t2]08.8 



yds. 

1639.0 

1646.2 

1659.4 

1672.8 

1686.9 

1699.4 

1712.8 

1726.1 

1799;4 

1752.9 

17663 

mo.b 

1799.2' 

1806.7 

1820.1 

1899.7 

1847.2 

r860.8; 

1874.9 

1887.0 

1901.5 

1915.2 

1028.8 

19«?.5 

1956.1 

1969.9' 

I9£6.6 

1097.4 

2011.2 



5Cf M* 



ydi. 
16947 
t»48.0 
I66I.I 
16743 



I«st3 1689.6 



1701.2 
1^14.9 
'1727.9 
17413 
1754.7 
1768.1 
1781.5 
lt05.1' 
1808.6 
f822.r 
1895.7 
1849.1 
1862.7 
1876.2 
1B89.0 
1903.6 



ydi. 
1696.4 
1^.7 
1662.9 
1676.S 



2088.8 
2052.6 
20663 
20^.4 



1703.0 
1716.4 
1729.7 
1743.1 
1756.6 
1770.0 
VtB$.i 
1797.0 
18163 
1824.0 
1837.6 
1851.1 
1864.7 
187811 
1891.9 
190S.5 



1917.1^ 1919.2 



5? 



1698.1 
1«»U 



202i4.9 2087.1 8029.2 2981.4 2.15 



2159.6 
5?I79.6 
4»7.6 
^201.6 
i2153 
2229.8 
2249.9 
21'68.i 



21dl.9 
2175.9 
2189.9 
2209.9 
2218.0 



2246.2 
22603 



2122.2 



2120.0 
2133.8 
214831^50.1 



2040.912043.1 «MW?.!i 
2054:7 2056.9 »^v.l U 
mm.6 2070.8 ^3.0 i,\: 
t082.6 2084.8 !2087.0f?.IS 



1664.1 -5 
I67«.l 1.7! 
160U| 

1784.8 1^ 

\im)i 
vim I.S 

1758.4 1 !{ 

n«5.3 1.M 

n(to.9 1.90 
lMt4}.}l 
168S.9l,«$ 

ims I jj 

lS6S.0lj» 
1866.7 1.9f 

laSDii.?; 

mi u 

1048.6 ISA 

ims ijt 



1930.9 1082.9 

1044.6 1916.6 
1058.1 196^2 
1971.9 1974.0 mM 

1985.7 1987.8 1989.9 U< 
1999.5 8tK>1.6 9008.1 2.i( 
2Ql9.9f015.4l»W" 



2004.3 2096*5 S|o98.1 p^O-^ !J 



2ll6.5Bll2.7telH.m«i 
2124.4 21«6.tfel«8.? 



«36.h 2^983 2140.6^142-; 
2152.9 21543 «IW 

2164.1 216i6.4 216S.7 S170 

2178.2 2J80.5 2182.8 2185. 

2192.2 2194.5' 2l96;8 219^1 

2206.2 aW8.6 !e2lft9 Of/f f 

2220.3 2222.7 *5.0 «22T.4 



2292.1 22943 22963 8239.2 '2*4 1.6 [ 



«2483 2250.9te5S.9.to^J ^ 
2202.8 2265.2fee7;6J2W 



•t*-' ''*.— 



69^ [068.1 

69: 1610.9 
S9a 1898.8 
6dT 1106.6 - 
«9C 1790.0 I 
" I7^.S 1 

Dw ileas " 

6S6 1T1%S 

6e£ nifl.t 

6B4 I80O.8 



681 IS41.4 



Ma.VJIBt.1 SAB01l«TMeA& 9AmLKii 

Stm i/rte Traf^(r<iir„^/ ^i, ^,VffJpB« ihejrtnins Point at 
tkf tv^ xjstremitut (^ tftf Co^uaa,. «r fAe «Wm o^ T-^t in 
degreet of FahrenktiVM Tirraumtm- 



fi3« 



nss^i i; 



675 ieaa.i 

67a I8SS.S 

677 issp.g 

676 iSOOJt 

- - iejn.t 

»9 l»Sfl.9 
67: 1950.6 
673 IBH.4 
671 IWB.8 
67( l«0S.O 



J74R.6 . 

itiiA r 

1715.8 1 

11^.9 

JB0«.7 

18lS.a 

I8a9.7 

iB43.4 

1666.9 

1870.6 



66i tOi9.6 
657 (0S3.5 
«M WMT.* 
665 »61.S 



66; nw.» 
66i ll(>3.1 

660 il31.l 
6M SI4S.I 
lUt eiAS.s 
657 <I73,3 
65t ilBI ' 
6SS ISOI 

66- i8».1 



651 lEW'A 



-,Bi.e 
igii.9 

1K5.S 
1939.0 

1951.1 

I9Q&4 
198U.3 
I9M.I 
lioOr.9 

soiei.j 

WB5.7 
UM9.6 
1063.4 
8077.4 
W9M 
iai05.3 
II 19.3 
2^4 
9)47.4 
£161.4 
8175.5 

ai^ff.7 

2808.7 
WUJi 

.. mm 

.8 S846.3. 
.1 



ig60.4 !8.6!i.ilWft|.l. 

»14.7 S?11.WS8I».6 



1600.1 
1673.4 
16Be.s 
I700.S 
1713.7 
17«1.8 
I740.T 
1754.1 
1761.6 

usi.a 

17M.i 

iaw.s 

inns 

1)139.5 

1M9) 
U«9.? 
U76l6 
1890.1 
19P8.7 
1011.8 
1S31.S 
IBM-l 
19S-<.B 
19!S.a 
1986.11 

awo.3 

ioi4.a 

1ID4S.0 

su5e.O 
spbg.g 

ioeao 

W97.9 
1111.9 

una 
H«OJ 
IIU.1 

H68.a 
ei8«.s 

K196,S 
3810,6 



6«" 



,4m. 

1648.5 
!l6SI.H 
1614^, 



17S9.lt 
174a.& 
'758.9 
7W-fi 
1783.1 
1,706.4 
1810.8 
I88S.8 
1881.4 
IS5I.1 
lil«4.T 
1878.6 
■S98.I 
190a.7 
)9I9.S 
1033.3 
t947.| 
IS68.9 
1974.7 
19SS.6 
80»f.4 
W16.4 

»oao.9 

W44.8 
i0»8.8 
8018.] 
tUB6.1 
8100.1 
81U.S 
81K8.8 

U4e:3 

<IU.4 
8170Ji 
8184.6 



0636 
1676.9 
1690.4 



M.0 
I8««.0 
1880.4 
l89i.l 
1901.7 
1981.6 
I9SSJI 
la*9.S 
146SJ 
1976.8 
I99ai 
tOMJ 
9018.& 



mt.9 
vms 

8108.3 
3U6.4 
8130.4 
VU.« 
8168.6 
tllCI 
tlB6.9 
8801.1 
m6.3 
8S30J> 
(H8.8 
HB8.a 
«£IS.3 
2187.6 



ie».» 

166S.» 

itn8.7 

lS9t.^ 
17M.6 
t7l9.( 
1738.6 
H46.1 
lTJ».e 
1173. 
1-1B6.8 
■801.3 
1813.9 
f817.« 
!fi41.3 
l8U.g 
■86B.e 
18884 
■896.0 
t»)g.7 
>Bt8.B 
■BS7^4 

uat:o 

19T8JI 
1998.1 

loecB 

HsO.6 
«1S4^ 



l«M.1 

1S67.1 
16S0.4 
t69*Ji 

1780.8 



m6.4 
»»0.4 
8104.6 
81)8.6 
8l3t.T 
8146.8 
8160.9' 
8116.^ 
8180.1 
8803^4 
8811.6 
8931.1 
8846.1 
8800.4 

tsn.B 

2aS0.« 



I76).5 
1174.9 
178n,6 
1808. 1 
1819.8 
lBce.5 
IS4S.1 
)8S6.9 
1870.6 
1884.3 
■808.0 
1911.7 
I98S.6 
MI39.4 
■063.3 

iMr.o 

19S0.0 

1094.8 
ta08,7 
I088.T 
I0S6.8 
8060.6 
8064.6 
8078.5 
1098.6 
8106.7 
81S0.B 
el84.B 
8)49:1 
(1CS.1 
(117.8 
tUl.4 
8806-7 
8Z80.0 
I831.S 
8848.6 
I86S.1. 

ivrt. 

il8S8. 



1668.8 
>698.e 
I695.r 
1109.1 
lT28.ii 
1736.9 
1749 8 
1763.3 
»776.8 
I79O.5 
l8()4.<) 
lS17.1 
1831.4 
l8tS.I 
1868. 
t87C. 
■SS6.3 
■900.- 
'913.7 
I9r7,6 
1941.4 
1956.3 
MNSO.l 
i«83.0 
1996.0 

n))o,s 
lods.i 

8088.7 
8066.8 

ro»i.7 
«oe4.s 
tiob:9 

ClfS,0 

8131, 

1161.3, 

(165.4. 

(■79.5 

1193:7 

890S.0 

8888. 

8836.5 

88fiaB 

886 J.1 

ms.s 



1.90 



16T0.H 
I5M.0 
I691J> 
I1I0.9 
1784.4 

i7sb:u 

1751 Jt i 

IT«B,1 

Teas.* 

im.o 
ISM.T 

1814:4 
1SB8.3 

lOOf.0 
1918.7 
1989.6 
1049U , 
■9S1.S I 
I9TI.S ! 
I9W.I 
1990.0„ 

»086.9 (.. 
•MftS M: 
8(04.8 I 
8oe6.o I 



llll.l 

!185.i 
SI3?t.S 

3is.ia 

8167.1 
3l8IJt 
£196. 

ssib. 
S884. 

ti53.2 
?*67.5 
■•iSl:8 



:*Jsm£l^aiSa*l.i,^ 



rOBTABLB B4BOIIETBICAI. TjVBLBt< 

■■■ III " II ^^^^^^^^——11 ' 

f tkeTemperaiurn ef tht Air above the freezing Point, atth 
exlrewitiei 0/ the CoAimi, «■ the talkr t>fT + t in degtea 
Fahrenheit' I ThamoiHtter. 





Oft*, 


fl«f «• 


«B* 69-. 


TO" 71" 


7a- 73* 


74" 


! 


^ 


Jd- ,d* 


yd*, y** 


jd.. jds; 


;d^. yii. 


jd,. 




[^ffiA 


eet-s 


6«.0 


16<i5.r I66T,4 


6W.I 1610.9 


67 s. 6 


1674.3 


1676.0 




1673.9 


ais.7 


677.4 


1619.1 I6SO.9 


1688.6.1884.3 


fi'iB.l 


lem.H 


ie>«9.6 




16313 


(te9.8 


G9I.U 


1608.7 ,tflat.4 


1690.3 i6Se.0 


699.8 


noi.a 


i70:j.s 


.:■ 


I701.l> 


7W.T 


704.5 


i«».e|no8j) 


1109.7 


1711.5 


713.2 


1715.0 


I7I6.8 




1714.4 


716.B 


ni(f.O 


ltl9.l'l7SlJ 


17*3.3 


17S5.I 


726.8 


n9».6 


1730.4 




n«e.o 


T89.8 


ITS) .6 


I733.4';l73fl.l 


1738.9 


l7»*.1 


140.5 


1748.3 


1744.1 




1741.6 


743.4 


74.'i.S 


1747.0 !n«8.(, 


1750.6 


[738^ 


154.8 


1756.0 


I757.S 


!■•! 


I155.t 


1757 .rt 


TM.8 


1160.611768.4 


1764.8 


1706.1 


167.9 


1769.7 


lT7lj 




1168.0 


1780.6 


I77t.4 


I774.»!l77ai 


nn.B 


1179.1 


TSI.6 


17SS.4 


f78S-t 




111:8.4 


ITtrf.S 


17S6.1 


1181.0 iiIjW.I 


1791.6 


1IO3.4 


195.3 


1797.1 


1799.0 




1396.0 


1797.9 


I80B.7 


1801.6 1I8M.5 


1805.3 


18OI.2 


1809.0 


1810.9 


181^-- 




IbOS.I II1II.6 


181)1.4 


IB1A.3 lial7.9 


1819.1 


1880.9 


683.8 


18«4.7 


1886.6 




I8S3.4 [1881.3 


1881.8 


19W.0 1830.9 


1838.8 


1B34.7 


836.6 


1838-5 


IStO.4 




1 837.1' lt)99.0 


ie4ae 


1842.S 


844.1 


1S46.6 


IM8.5 


850.4 


1852.3 


isy.v 




IH&U.H 


MbtJJ 


1854.7 


185S.6 


83S.5 


1K60.4 


l.fi»3 


lt64.S 


1866-1^ 


1SG8.I 




lb64.e 


11)66.6 


1868.4 


1870.8 


1878.3 


I874.fi 


,676.1 


818-1 


1880.O 


1888.0 




1S7BJ 


1S80.8 


1888.8 


1884.1 


888.1 


1W(8.0 


lS9l).0 


1891.9 


lh»3-g 


1895.8 




IIWB.I 


JH94.I 


luee-ii 


lHg8.0 


ICI99.9 


■901.9 


,903.9 


1905.S 


1901 -S 


ISW-Si 




I9()S.» 


1901.9 


ieos.9 


1911.8 


913.8 


IOIfi-8 


,«17.8 


1919 7 


1991.7 


1983.; 




1919.7 


ieei.7 


^9«.7 


19a6.S 


9S7.fi 


1089.6 


,9.11. fl 


1 933-6 


1934.fi 


1937.6 




19S3.6 


193&.S 


1931.6 


iBM.e 


1941.6 


1943.6 


1945.6 


1941.6 


194ff;6 


1951.6 




|1B41.4 


194».5 


1991^ 


195S.5 


1955.5 


1951.5 


11I59.6 


Hl9i.fi 


1963.6 


1965.fi 






961.4 


we3.4 


19U.4 


1B81.4 


1969.5 


1B71.5 


19T3.5 


1075-6 


1977-6 


i9!9.fi 


i:' 




913.3 


19T7J 


1979.4 


19S1.4 


1983.4 


1985.5 


1937.5 


198(1.6 


t»91.6 


l!W3.1 






M9.« 


1991 .a 


1993.3 


1995^ 


IS9T.4 


1999.4 


^|0I.5 


8003-5 


S0CB.6 


aooij 


V:^ 




S003a 


800U 


«WIJ 


i«»8.S 


Wll.4 


WIS.B 


201i.6 


80ll.fi 


8(W0.7 


8081,8 






»1T.1 


801V.S 


iOSI^ 


10W.S 


1095.4 


8087.5 


2CS9.6 


2031-7 


8M33.8 


803J,9 






WUt.l 


vm-t 


t03S.S 


8037.4 


«>a»A 


S041.6 


aW3.7 


^045.8 


8M7.9 


803f.D 






W'45J) 


iW4i-.a 


lOtlt.3 


aiisi.4 


MWJ 


0ttS.e 


sa57.8 


8059.9 


8AA8.0 


S06t.l 






WiB.! 


BOfiH 


1U6S.4 


wesJi 


«06J.a 


8069.H 


8071.9 


8(14.1 


8076.3 


S078.J 


ill 




li>TJ.S 


Wfl.s 


wni-R 


3079.6 


Wsl.8 


8U83.9 


gOSS.l 


zoft-.a 


i090.4 


2092.3 






*(tej,a 


8089.4 


«»!.,') 


909S.7 
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A Table of the OnreeHon far Latitude. 



LATITUDE. 



0" ... 

5-^...- 

10 . 

15 

go 

25 

30 

35 

40..... 

45 

60 

55 

60 

65 

70 

75...-. 

80 

84 

90 



CORRECTION. 



+ ihi of the calculated height. 

+ ■sir 
+ 7^ 

+ 3^ 

+ ToT 

+ 10^3 (J 
T 2 3 

o 

" ■ i6»6 

—• tJt 
— tJt 
— -Ht 



1 



From the equator to the latitude of 45*, the correction must ht added to 
the calculated difference of level, but it should be subtracted from it, from 
the latitude of W to the pole. 

N.B. The height of the mercury in the barometer, inserted in the fiiist 
columns of each page of the preceding Barometrical Table, being |^iven 
in decimals of an J^iglbh yard, it is necessary, of course, when this height 
is observed in inches and decimals of an inch, first to divide by 36, the 
number which expresses it ; the Table is then to be entered with the quo- 
tient. Suppose, for example, that the height of the Barometer was ob- 

flerved to be 89^7 inches; then, — ^ =i — ^ ::= .8S5, the number with 

36 6 ^ 

which the Table Is to be entered. 
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ERRATA. 



Page 10$ Hni9^,for of tlie first are passed aver, read af the first arc 

passed OTer. 
16, JL 4, in the note, f&r the mott derated poiat of this circle Z' 

reiid the most elevated point Z' of this circle. 
19, /. Wf for To accomplish this we use the larger level, rtad To 

accomplishthis we use the larger level NN'. 
28, 1.13, from the bottom of the oote, i«f»ee«=: 0.16575; crnddivi- 

diog by S4, read therefore tweWe times the doable angle 

=: IQWP. 16575; 
61, L9, for and another in that at R, readoBd another intliat at K. 

71. Ml. forZZOX ""• <^+^re.^=0+"''-<° + ^> 

73, 1. 1 1 , from the bottom, for the angle B c* A, reoif the angle B C A. 

74, L 14, from the bottom, for the telescope is directed, read the 

telescope was directed. , 

79, 11 y for -^ ft sin. | x, read — S sin,* i or. 

80, 1. 8 from the bottom, for 0), read 9(f). 

8S, 1. 18 from the bottom, for i A+(H— A), read^ [A + (H— A)] 

and /or i A— (H-- A), readi [A— (H— A)]. 
83, L 5, for becomes tang. A sin.^, read becomes J taqg. A sin.*. 
87, 1. 10. for FF is parallel to O B, read F £ is parallel to O B. 
98, I. 12 from the bottom, for cot (D •*- L) sin.* I'', read cot.^ 

(D — L)siD.*l". 
112, L 12 from the bottom, for at 58|'* of Fahrenheit, read at 58}^ 

of Fahrenheit. 
1J4, I. 3 from the bottom (note), for^zz, rir dr, read r= f*4- dir. 
119, 1. 17, /or =- A A B'a, readzz A + AB'n. 

140, 1. 13, /«• = ^ CO*-' C> '•«''= y cot.3 e. 

144, I, 21, /or or the angle N B M +4,, read jor the angle NBM=:i^. 

147, 1. 11 from the bottom, for or the angle A P fi, read^ or the angle 

ABP. 
151 , 1$ from the bot. (note) for m zr «' -^ •' *, read m ZZ •' — -^af * 
177, /. 8 from the bottom, for or any otl^er and smaller dimensions, 
the error, &c. read or any other smaller dimension, and the 
error, &c. 2. 7, for was thooghoot, read was throughout. 
H^ — Hg jTg H, — H„g, 

188, /. 3, for 



2«2 



^i 



read 



X2 — X* 



Xj — Xj 

192, l.2,/or=£l .&c.r«ad=i!,&c. 

X,* * X4« 

K.B. The specimen of calculation aUaded to in pagtlOfi, follows im- 
mediately Table V. 
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